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(57) Abstract: A building material (40) is provided comprising fiber-cement (10) laminated to gypsum (20) to form a single piece 
laminate composite. This single piece laminate composite exhibits improved fire resistance and surface abuse and impact resistance, 
but achieves these properties without the excessive weight and thickness of two piece systems. Additionally, because of the reduced 
thickness, the preferred laminate building material is easier to cut and is quicker and easier to install than two piece systems. Further- 
more, forming the fiber-cement and gypsum into a single piece laminate eliminates the need to install two separate pieces of building 
material, thereby simplifying installation. In one embodiment, a 5/8" thick laminate composite is provided comprising a 1/2" thick 
gypsum panel laminated to a 1/8" thick fiber-cement sheet, the laminate composite having a fire resistance rating of 1 hour when 
measured in accordance with ASTM El 19. 
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FIBER-CEMENT/GYPSUM LAMINATE 
COMPOSITE BUILDING MATERIAL 
Background of the Invention 

Field of the Invention 

This invention relates to abuse resistant, impact resistant and fire resistant building materials, and more 
particularly, to a single piece laminate composite building material of fiber-cement and gypsum. 
Description of the Related Art 

The interior wallboard market has been dominated by the use of gypsum wallboard products for many years. 
The gypsum wallboard typically comprises thin paper layers wrapped around a gypsum core. For example, one paper 
layer covers the face and long edges of the board, and the second paper layer usually covers the back surface of the 
board. The core is predominantly gypsum, and can be modified with additives such as glass fiber, vermicuiite and mica 
to improve fire resistance. 

In addition to fire resistance, abuse resistance is another desired quality in wallboards. Gypsum has poor 
abuse resistance compared to other wallboard materials such as wood or masonry. The paper surface of gypsum 
wallboard is easily damaged by impact such as scuffing, indentation, cracking or penetration with hard or soft body 
objects such as furniture, trolleys, toys, sports equipment and other industrial or residential furnishings. Such wall 
abuse is typical in high traffic rooms such as corridors, family living areas, gymnasiums or change rooms. 

Gypsum wallboard manufacturers have made modifications to their gypsum wallboards to improve their 
abuse resistance. One method was to bond a plastic film to the back of the wall panel to resist penetration of the 
impact bodies into the framed wall cavity. Another method was to make a fiber-gypsum wall panel with fiber-gypsum 
outer layers formed onto a gypsum-based core. These products typically have improved surface abuse resistance to 
the paper surface of normal gypsum wallboard. Similar gypsum-based or cement gypsum-based compositions are 
typically described in U.S. Patent No. 5,817,262 and U.S. Patent No. 5,718,759. 

One material having significant abuse resistance is fiber-cement. Fiber cement has an advantage over 
gypsum panel with respect to surface abuse resistance such as wear and abrasion. One disadvantage of fiber cement 
by itself as a wall panel is that it does not have a fire resistance rating comparable to gypsum wall panels of equal 
thickness. Another disadvantage of fiber cement by itself is that it is significantly heavier than gypsum wall panels of 
equivalent thickness. For example, a 1 hour fire resistance-rated wall system with fiber cement requires mineral 
insulation in the wall cavity or a sub-layer of fire rated gypsum wall panel to achieve a 1 hour fire resistance rating 
when tested in accordance with ASTM E-1 1 9. 

A 2 layer system of V fiber cement over 5/8" type X fire rated gypsum wallboard has been used to achieve 
both fire resistance and abuse resistance. Such a system is described in Gypsum Association - Fire Resistance Design 
Manual ■ GA FILE NO. WP 1295 - Gypsum wallboard, steel studs, fiber-cement board proprietary system. This two 
piece system is disadvantageous because it is significantly heavier than single-layer gypsum wallboards. Additionally, 
the 2-layer wallboards require nearly double the amount of labor for installation because two separate wall panels 
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must be installed instead of a single panel. Also, the extra thickness of the 2-layer systems (5/8" + V = 7/8") is not 
compatible with most door jamb widths. 

Summary of the Invention 

Accordingly, what is needed is a single piece building material that has good abuse resistance, impact 
resistance and fire resistance. This building material should also be light, easy to manufacture and compatible with 
standard building material sizes. With respect to fire resistance, it would be especially advantageous for such a 
material to have a fire resistance rating of at least one hour as measured by ASTM E1 19. 

Briefly stated, the needs addressed above are satisfied in one embodiment by a building material comprising 
fiber-cement laminated to gypsum to form a single piece laminate composite. This single piece laminate composite 
exhibits improved fire resistance and surface abuse resistance, but achieves these properties without the excessive 
weight and thickness of two piece systems. Additionally, because of the reduced thickness, the preferred laminate 
building material is easier to cut and is quicker and easier to install than two piece systems. Furthermore, forming the 
fiber-cement and gypsum into a single piece laminate eliminates the need to install two separate pieces of building 
material, thereby simplifying installation. 

One object of the invention is to provide a building board product suitable for applications requiring surface 
abuse resistance, improved impact resistance and a 1-hour fire resistance rating (as measured, for example, by ASTM 
E-119) without cavity insulation at a panel thickness of 5/8", installed on each side of a wall frame. The surface 
abuse resistance is measured by abrasion tests such as ASTM D4977-98b (Standard Test Method for Granule 
Adhesion to Mineral Surfaced Roofing) and also indentation tests such as ASTM D542D (Impact Resistance of Flat, 
Rigid Plastic Specimen by Means of a Striker by a Falling Weight (Gardner Impact)). The panel impact resistance is 
typically measured by, for example, ASTM E695 (Measuring Relative Resistance of Wall, Floor and Roof Construction 
to Impact Loading), and ISO 7892 (Vertical Building Elements- Impact Resistance Tests - Impact Bodies and General 
Test Procedures), or other suitable impact or abrasion tests. 

Brief Description of the Drawings 

FIGURE 1 is a perspective view of a single piece laminate composite comprising fiber-cement laminated to 

gypsum. 

FIGURE 2 is a cross-sectional view of the single piece laminate composite of FIGURE 1, showing the relative 
thicknesses of the fiber-cement, gypsum and the adhesive layers which comprise the single piece laminate composite. 

Detailed Description of the Preferred Embodiments 

The preferred embodiments of the present invention illustrated below describe a single piece laminate 
composite wallboard system. It will be appreciated, however, that the present invention is not limited to wallboards, 
but can be utilized for any application where an abuse resistant, impact resistant and fire resistant building material is 
desired. 

As seen in FIGURES 1 and 2, a preferred building material 40 is comprised of fiber-cement layer 10 laminated 
to gypsum layer 20 using an adhesive 30, creating a single piece laminate composite. It will be appreciated that the 
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fiber-cement and gypsum components can take any form necessary, including, but not limited to, panels, sheets, skins, 
boards, or the like. In one preferred embodiment, the thickness of a fiber-cement sheet 10 is between about 1/32" and 
V. More preferably, the fiber-cement sheet 10 is about 1/8" thick, plus or minus about 1/1 6". A gypsum panel 20 
typically has a thickness between about V to %", more preferably about 14". It will be appreciated that other 
thicknesses for the fiber-cement sheet 10 and the gypsum panel 20 may be used. The preferred density is about 2.5 
to 3 lbs/square foot, more preferably about 2.77 lbs/square foot for a 5/8" thick composite wallboard. 

One preferred embodiment of the invention is a composite panel that is manufactured by bonding together a 
paper-faced V type X gypsum wallboard to 1/8" thick fiber cement panel. ASTM C 36 describes a type X gypsum 
board to have not less than 45 minutes fire resistance rating for boards y k" thick, applied parallel with and on each 
side of load bearing 2" x 4" wood studs spaced 16" on center with 6D coated nail, 1-7/8" long 0.095" diameter shank, 
V diameter head, spaced 7" on center with the gypsum joints staggered 16" on each side of the partition and tested 
in accordance with ASTM E 119. One preferred V Type X gypsum panel is a 1 / 2 " thick HARDIRQCK* MAX "C™, 
described in the table below. This gypsum panel has an improved Type X fire resistance rated core and is 
manufactured for commercial projects where building codes require specific levels of fire resistance and sound 
reduction. The 5/8" thick board is designed to provide greater fire resistance than standard Fire X™ board and 
achieves fire and sound rating with less weight. Application information is available in the Gypsum Association Fire 
Resistance Design Manual GA-600, Underwriter's Laboratories, Inc. Fire Resistance Directory. 



HARDIROCK* MAX "C"™ 


THICKNESS 
inches (mm) 




1/2" (12.7 mm) 


WIDTH 

feet (mm) 




4' (1219 mm) 


STANDARD LENGTHS 
feet 




8', 9', 10' 


STANDARD EDGES 




Tapered or square 


APPROX WEIGHT 
Ibs/sq ft (kg/m 2 ) 




1.8 Ibs/sq ft (8.8kg/m 2 ) 


ASTM SPECS 




C36 



It will be appreciated that the face of the gypsum panel 20 bonded to the fiber-cement 10 does not 
necessarily require a paper face, and the gypsum panel 20 may be bonded directly to the fiber-cement 10. A preferred 
gypsum panel 20 may also have a glass or polymeric fiber mat or woven mesh combined into the panel on either the 
front or back surface, either on the outside or the inside of the paper. This can be done for two reasons. First, it can 
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be used to improve the impact resistance of the gypsum panel 20 by itself. Second, it can be used to improve the 
impact resistance of the gypsum panel as part of the composite wallboard 40. 

The preferred composite wallboard 40 can be utilized in most interior wallboard installations. The preferred 
composite wallboard 40 is installed such that the fiber-cement side of the wallboard 40 faces outward to provide an 
5 abrasion and indentation resistant surface to traffic, and the gypsum side of the wallboard 40 is installed against the 

supporting framing, with the synergistic combination of the fiber-cement and the gypsum wallboard providing the fire 
resistance rating and strength of the panel. Neither the preferably Vi" gypsum panel 20 nor the preferably 1/8" fiber- 
cement sheet 10 provides the 1-hour fire resistance rating in isolation, but rather the combination of the two materials 
in a laminated composite 40 has been tested in a symmetrical wall system and achieved a 1 hour fire resistance rating 

10 on a typical steel framing used in commercial building partitions. Results of a fire resistance test conducted on this 

composite panel are provided below. 

The supporting framing is typically 20 or 25 gauge steel framing, or wood framing such as 2" x 4" Douglas 
Fir softwood. The wallboard 40 can be fastened to the steel studs with suitable screws such as 6 gauge x 1-1/8" 
Type S Bugle Head drywall or self-drilling screws. The wallboard 40 can be fastened to wood studs with suitable nails 

15 or screws such as 1-3/4" long cup-head gypsum wallboard nails or 6 gauge x 1-1/8" Type S Bugle Head drywall 

screws. The preferred wallboard 40 is designed for use in wall assemblies that are subject to surface abuse and 
penetration. Such wall assemblies are typically found in schools, public housing, public buildings, interior garage walls, 
corridors, gymnasiums, change rooms, and correctional and healthcare facilities. The material can be cut with a 
carbide-tipped score and snap knife, power shears or circular saw optionally with dust control. 

20 Fiber Cement 

The art of manufacturing cellulose fiber reinforced cement for use in a fiber-cement sheet or skin 10 is 
described in the Australian Patent AU 515151 and U.S. Patent No. 6,030,447, the entirety of which is incorporated by 
reference. Fiber cement has the attributes of durability, resistance to moisture damage, low maintenance, resistance 
to cracking, rotting or delamination, resistance to termites and non-combustibility. Thus, the fiber cement layer 10 
25 resists damage from extended exposure to humidity, rain, snow, salt air and termites. The layer is dimensionally stable 

and under normal conditions will not crack, rot or delaminate. 

The basic composition of a preferred fiber-cement panel 10 is about 20% to 60% Portland cement, about 
20% to 70% ground silica sand, about 5% to 12% cellulose fiber, and about 0% to 6% select additives such as mineral 
oxides, mineral hydroxides and water. Platelet or fibrous additives, such as, for example, woliastonite, mica, glass 
30 fiber or mineral fiber, may be added to improve the thermal stability of the fiber-cement. 

The dry density of a preferred fiber-cement panel 10 is typically about 1.3 to 1.4 g/cm 3 but can be modified 
by pressing the material to dry densities up to 2.0 g/cm 3 or by addition of density modifiers such as unexpanded or 
expanded vermiculite, perlite, clay, shale or low bulk density (about 0.06 to 0.7 g/cm 3 ) calcium silicate hydrates. 

The flexural strength of a preferred fiber-cement panel 10, typically based on Equilibrium Moisture Content in 
35 accordance with ASTM test method C1 1 85, is 1850 psi along the panel, and 2500 psi across the panel. 
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A preferred fiber-cement panel 10 has a non-combustibie surface and shows no flame support or loss of 
integrity when tested in accordance with ASTM test method E136. When tested in accordance with ASTM test 
method E84, a preferred fiber-cement panel 10 exhibits the following surface burning capabilities: 

Flame spread: 0 
5 Fuel Contributed: 0 

Smoke Developed: 5. 
Lamination Process 

A preferred panel is comprised of a 1/8" nominal thickness fiber cement sheet laminated to a Vz" thick type X 
fire resistant gypsum board. The gypsum panel is preferably manufactured with square edges. An adhesive 30 as 
10 shown in FIGURES 1 and 2 above such as polyvinyl acetate (PVA) is spread over the surface of the gypsum panel and 

1/8" thick fiber cement is placed over the surface and is typically pressed at about 38 psi f in a stacked configuration, 
for approximately 30 minutes. One preferred adhesive is Sun Adhesives polyvinyl acetate (PVA) adhesive #54-3500 
supplied by Sun Adhesives, a division of Patrick Industries. While the adhesive is most preferably a low cost adhesive 
such as PVA, other organic or inorganic adhesives may be used, such as water-based polymeric adhesives, solvent- 

1 5 based adhesives, thermoset adhesives, natural polymers such as modified starches, liquid moisture cure or reactive hot 

melt adhesives such as polyurethane, and heat or fire resistant adhesives. 

The adhesive 30 is preferably applied by a roll-coater process whereby the gypsum panel 20 is preferably 
cleaned to remove dust and debris before the adhesive 30 is applied to the smooth face. The adhesive 30 is preferably 
spread evenly over the entire surface of the gypsum panel 20. The wet film thickness of the adhesive 30, when 

20 measured with a standard "wet film thickness gauge," will preferably not be less than about 4.5 mil and preferably will 

not exceed about 6 mil. The fiber-cement panel 10 is placed on top of the gypsum panel 20, which is coated with 
adhesive 30, squared to the edges of the gypsum panel 20, and then stacked. The completed stack is preferably cured 
in a press under a load of about 37.5 ± 2.5 psi for preferably no less than about 30 minutes. The panels then 
preferably have the fiber cement surface sanded and the long edges machined with an abrasive wheel such as diamond 

25 grit to form a tapered edge. The machine sanding preferably utilizes three sanding heads. The grades of sanding belts 

preferably range from 40 grit to 220 grit. The long edges are machine tapered to allow for setting compound, joint 
reinforcing tape and finishing compounds during flush jointing on installation. The surface of the product is preferably 
sealed with an acrylic emulsion to reduce the surface water absorption to make it easier to paint and to improve paint 
adhesion. 

30 The fiber-cement surface of the composite wallboard 40 may be optionally sealed with an acrylic sealer such 

as UCAR 701 to facilitate on the job finishing. This can be achieved with a suitable latex paint which may be sprayed, 
rolled or brush applied for wallpaper or texture finishes. It will also be appreciated that sanding the fiber-cement panel 
10 is optional in order to improve the finish of the fiber-cement surface. Furthermore, it will be appreciated that 
sanding can be done before or after the fiber-cement panel 10 is laminated to the gypsum panel 20. It will be 

35 appreciated that a roll press lamination process may also be used, with a suitable pressure sensitive adhesive. 
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Testing 

Abuse resistance tests were conducted on one preferred laminate composite panel. This preferred panel 
provided superior impact resistance to the common type X fire resistant gypsum waliboard. The preferred panel also 
has superior abrasion resistance to both the common type X fire resistant gypsum waliboard and the abuse resistant 
5 gypsum based panels. 

A novel feature of the preferred embodiments of the present invention is that neither the %" gypsum 
waliboard or the 1/8" fiber cement sheet, by themselves, provide altogether, the 1-hour fire resistance rating, surface 
abuse and impact resistance. However, laminating the two materials together provides the 1-hour fire resistance in a 
symmetrical wall system when tested to ASTM Ell 9 and an improved level of surface abuse resistance and impact 
10 resistance. 

It is believed that the preferred panel also has the advantages of improved flexural strength and nail pull 
through strength and less humidified deflection compared to the individual components of the preferred invention or a 
typical type X gypsum waliboard of the same thickness (5/8" thick). 

The preferred composite also has the novel features of fire and abuse characteristics in a single waliboard or 
1 5 a single piece system. Prior fire resistance rated and abuse resistant systems that utilize fiber cement required a two 

layer system over the supporting framework. There is considerable advantage with the preferred composite in reduced 
material and quicker installation of a single piece system versus a 2-layer system. The two layer system required 
installation of 5/8" type X gypsum waliboard followed by the installation of Y*" fiber cement over the top. The total 
thickness of these 2 layers adds up to 7/8" of material versus 5/8" of material with the preferred laminated composite 
20 of the present invention. 

Thus, in one embodiment the present invention provides a single piece system that is at least about one hour 
fire resistance-rated and abuse resistant. This reduces the amount of time to install compared to the 2 layer system, 
lowers the mass of the wall unit per square foot compared to the 2 layer system, and requires less fixtures per wall for 
installing panel compared to the 2 layer system. Moreover, the material is easily cut with power shears, which is a 
25 quick and easy method of cutting. 

The material also is abrasion resistant, indentation resistant and impact resistant (soft body and hard body), 
as illustrated in the tables below. 

Surface-abuse and impact resistance can be determined by methods used in such tests as ASTM D 4977 98b 
(Standard Test Method for Granule Adhesion to Mineral Surfaced Roofing by Abrasion), ASTM D 5420 (Impact 
30 Resistance of Flat, Rigid Plastic Specimen by Means of a Striker by a Falling Weight (Gardner Impact)), ASTM E 695 

(Measuring Relative Resistance of Wall, Floor and Roof Construction to Impact Loading), ISO 7892 (Vertical Building 
Elements - Impact Resistance Tests - Impact Bodies and General Test Procedures), or other suitable impact or abrasion 
tests. Fire resistance can be measured by tests such as ASTM E 119 (Standard Test Methods for Fire Tests of 
Building Construction and Materials), UL263, UBC 7-1, NFPA 251, ANSI A2.1, or other suitable fire resistance tests. 
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One 5/8" thick laminate composite embodiment, comprising 1/8" fiber-cement laminated on top of a 54 Hardirock Max 
"C" Gypsum panel, achieved superior abrasion and impact resistance as illustrated in the tables below. 

Table 1 

5 ASTM D4977 - Wire Brush Surface Abrasion Test 

(Modified to have a total of 25 lbs load on brush) 



Product 


Abraded Depth 
(mm) 


Abraded Depth 
(inches) 


5/8" laminate composite 


0.000 


0.000 


5/8" Type X Gypsum Board 


0.016 


0.001 


Table 2 

ISO 7892 Section 4.3 - Hard Body/Impact Resistance Test 
(Single Impact § 10 ft. Height-22 ft.-lb. force) 


Product 


Indentation Diameter 
(inches) 


Indentation Depth 
(inches) 


5/8" laminated composite 


1.270 


0.275 


5/8" Type X Gypsum Board 


1.788 


0.275 



The hard body impact test was conducted with a 1 kg ball bearing as outlined in Section 4.3.1 through 4.3.5 
of ISO 7892. 

The panels tested were fastened to 20 gauge steel framing with studs at 16" on center. The %" fiber 
1 5 cement panel was fastened with 7 gauge x 1-1/4 C-Drill screw spaced at 8". The 5/8" Type X gypsum wallboard was 

fastened with 6 gauge x 1-1/8" Type S Bugle Head screws spaced at 8" and the 1/8" fiber cement laminated on top of 
14" Hardirock Max "C" gypsum wallboard was fastened with 6 gauge x 1-1/8" Type S Bugle Head screws spaced at 
12". 

Table 3 

20 

ASTM D5420 - Indentation Test/Gardner Impact Test 



Product 


indentation Depth (inches) 


5/8" laminated composite 


0.101 


5/8" Type X Gypsum Board 


0.149 



For the indentation test, ASTM D5420-96 Method GC was followed which specifies a 0.625 mm diameter 
25 striker orifice with a support plate hole close to the diameter of the striker, and a 2 lb. weight falling a distance of 36 
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inches giving a single energy impact of (72 ± 1.8) ft.-lbs. Ten specimens were tested from each product and values in 
the table have been averaged for all 10. 

Table 4 

5 ASTM E695-79 - Soft Body Impact Resistance Test 



Product 


Cumulative Impact Force 
(ft.-lbs.) 


Single Impact 
Force 
(ft.-lbs.) 


5/8" laminated composite 


180 


210 


5/8" Type X Gypsum Board 


60 


90 


%" Fiber-cement Panel 


60 


90 



The soft body impacter was fabricated according to the requirements of sections 5.2.1 through 5.2.4 of 
E695-79, filled to a gross weight of 60 lbs. The bag is supported as a pendulum, striking the panel midway between 
1 0 the stud and mid height of the test wall in 6" increments. 

The cumulative impact was defined as the energy needed to reach "failure mode" either by "set deflection", 
face/back cracking, and/or stud deformation of > 0.25". Upon reaching any of the previously defined failure models), 
the weighted bag was raised an additional 6 inches in height to reach the "single impact energy" needed to reach a 
failure mode. 

15 The cumulative impact was defined as the energy needed to reach "failure mode" either by: "set deflection", 

and face / back cracking, and/or stud deformation of > 0.25". Upon reaching any of the previously defined failure 
mode(s), the weighted bag was raised an additional 6 inches in height to reach the "single impact energy" needed to 
reach a failure mode. 

The size of the panels was 4' x 8', and were fastened to 20-gauge steel framing at 24" on center. The %" 
20 fiber cement panel was fastened with 7 gauge x 1-1/4 C-Drill screw spaced at 8". The 5/8" Type X gypsum wailboard 

was fastened with 6 gauge x 1-1/8" Type S Bugle Head screws spaced at 8" and the 1/8" fiber cement laminated on 
top of y?" Hardirock Max "C" gypsum wailboard was fastened with 6 gauge x 1-1/8" Type S Bugle Head screws 
spaced at 12". 

Results in the table are an average of 3 panels of each material tested. 
25 Fire Resistance Testing 

One embodiment of the present invention was tested for fire resistance according to ASTM E 119-98. This 
embodiment was tested as a dual wall assembly, comprising a cold side and hot side. Each test assembly consisted of 
a 10 ft x 10 ft non-loadbearing wall of 20 GA x 3-5/8" steel studs spaced 24" o.c. On the cold side, one layer of 1/8" 
thick Hardiboard® fiber-cement face skin laminated to Vz" thick Hardirock® "Max C"™ gypsum board was applied 
30 perpendicular (horizontally) to 20 GA. x 3-5/8" steel studs 24" o.c. with minimum 1" long Type S drywall screws 12" 
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o.c. at floor and ceiling runners and intermediate studs. Fasteners were placed approximately 3" in from panel corners 
and approximately 3/8" in from panel edges. On the fire side, one layer of 1/8" thick Ha rdi board® fiber-cement face 
skin laminated to 54" thick Hardirock® "Max C"™ gypsum board was applied perpendicular (horizontally) to 20 GA. x 3- 
5/8" steel studs 24" o.c. with minimum 1" long Type S dry wall screws 12" ox. at floor and ceiling runners and 
5 intermediate studs. Fire side horizontal panel joints were offset from cold side horizontal panel joints by 24". 

Fasteners were placed approximately 3" in from framing corners and approximately 3/8" in from panel edges. 

Framing members in fire-rated wall assemblies are cut 2 A" shorter than full height of wall thereby creating a 
floating frame wall. In order to transport these walls from the fire test facility to the sound test facility, fasteners 
were placed through the wall panels into framing members at floor and ceiling runner tracks to provide racking 
10 resistance to facilitate specimens handling. This modification does not change the sound transmission characteristics 

of the wail assembly. 

Joints were treated with chemically-setting powder gypsum joint compound (USG® Durabond® 90), 
complying with ASTM Specification C 475, for flush joining the panel edges. Setting-type compound was mixed in 
accordance with manufacturer's written instructions. Compound was applied to fastener heads and joint recess was 
1 5 formed by adjoining sheets. Perforated paper reinforcing tape was immediately imbedded centrally into the joints. 

Perforated paper reinforcing tape was immediately imbedded with additional compound and allowed to dry. 

The ambient temperature at the start of the test was 80° F, with a relative humidity of 84%. Throughout 
the fire test, the pressure differential between the inside of the furnace (measured at a point 1/3 of the way down 
from the top center of the wall specimen) and the laboratory ambient air was maintained at -0.03 inches of water 
20 column, which resulted in a neutral pressure at the top of the test article. 

Observations made during the test were as follows: 



Time (min:sec) Observation 

0:00 Furnace fired at 8:52 a.m. 

1:43 Applicant's laminated composite panel separating out-of-plane (OOPS) at top horizontal 
joint on the fire side 

2:20 Surface of Applicant's laminated composite panel cracking and turning black 

3:25 Laminate peeling and falling off exposed surface 

4:1 5 Much of the laminate has fallen away; exposed gypsum paper flaming 

7:1 3 Gypsum paper black/gray and flaking on fire side 

1 0:30 All of the laminate has fallen off exposed surface 

32:30 "1/8" gap at the bottom horizontal joint on the exposed side 

39:00 " 1 12" OOPS at the bottom horizontal joint near center of wall on the exposed side. 

60:00 The furnace was extinguished and the test article removed and exposed to the standard 
hose stream test. 
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Hose Stream The wall was exposed to the standard hose stream test for at a pressure of 30 psi 

from 20 feet away from the exposed surface for a period of 60 seconds. The test 
article failed the hose stream test when the hose stream penetrated the wall after 19 
seconds. 

During the fire test, the wall was measured for deflection at three points along its vertical centerline: at 30" 
(position #1), 60" (position #2) and 90" (position #3) from the left side of the wall. Measurements were made from a 
taut string to the wall surface at each location. 



TIME (min) Position Position Position 

#1 (in.) #2 (in.) #3 (in.) 

0 5-3/8 5-3/8 5-1/2 

10 5-5/8 5-5/8 5-7/8 

20 6-1/4 6-1/2 6-1/2 

30 6-3/4 6-3/4 6-7/8 

40 6-1/2 6-1/4 6-1/2 

50 6-1/4 5-7/8 6-1/4 

60 6-1/4 6 6-1/2 



Hose Stream Retest 

in accordance with the standard, a duplicate specimen was subjected to a fire exposure test for a period 
equal to one half of that indicated as the resistance period in the fire endurance test, immediately followed by the hose 
stream test. 

Observations made during the test were as follows: 



Time (min:sec) 


Observation 


0:00 


Furnace fired at 1:37 p.m. 


0:53 


Applicant's laminated composite panel cracking on the exposed side 


1:20 


Applicant's laminated composite panel turning black 


2:40 


Gypsum paper turning brown where laminate has fallen off 


3:00 


Exposed gypsum paper ignited 


4:25 


Exposed gypsum paper stopped flaming 


11:00 


Much of the laminate is gone, gypsum paper turning white 


30:00 


The furnace was extinguished and the test article removed and exposed to the standard 




hose stream test. 


Hose Stream 


The wall was exposed to the standard hose stream test for 60 seconds at a pressure 
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Time (minrsec) Observation 

of 30 psi from 20 feet away from the exposed surface. The test article withstood the 
hose stream test without allowing passage of water through the wall. 



Conclusions from Fire Testing 

The 20 GA., 3-5/8" galvanized steel stud wall with Applicant's laminated composite panels (1/8" thick 
Hardiboard® fiber-cement face skin laminated to 14" thick Hardirock® "Max C"™ gypsum wallboard) on both surfaces, 
5 constructed and tested as described in this report, achieved a non-loadbearing fire resistance rating of 60 minutes for a 

symmetrical wall assembly according to the ASTM E1 19 standard. 
Summary of Advantages 

The preferred embodiments of the present invention combine fire resistance of at least 1 hour and significant 
abuse and impact resistance in a prefabricated single piece laminate composite comprising fiber-cement laminated to 
10 gypsum. These properties are achieved in a laminate composite which in one embodiment is only about 5/8" thick that 

is not excessively heavy, is easy to cut and is quick and easy to install. 

One disadvantage of the two layer systems of the prior art is that the individual pieces of fiber-cement and 
gypsum must be self-supporting in order to facilitate their individual installation. The layers of fiber-cement and 
gypsum, therefore, are limited in how thin they can be in order to remain self-supporting. The preferred embodiments 
15 of the present invention, however, combine the fiber-cement and gypsum layers into a prefabricated single piece 

laminate composite for installation. Thus, the individuals layers of fiber-cement and gypsum need not be self- 
. supporting, and the thickness of the fiber-cement layer, for instance, can be significantly reduced. This reduces the 
overall thickness of the single piece laminate composite as compared to the two piece systems. As a result, one 
embodiment of the present invention incorporates a 1/8" fiber-cement layer and a Yi" gypsum layer to create a single 
20 piece laminate composite about 5/8" thick, that simultaneously achieves a one hour fire resistance rating and abuse 

and impact resistance. 

The embodiments illustrated and described above are provided merely as examples of certain preferred 
embodiments of the present invention. Various changes and modifications can be made from the embodiments 
presented herein by those skilled in the art without departing from the spirit and scope of the invention. 
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WHAT IS CLAIMED IS : 

1 . A building material comprising: 
a fiber-cement sheet; and 

a gypsum panel, wherein the fiber-cement sheet is laminated to the gypsum panel to form a single 
5 piece laminate composite having a fire resistance rating of at least one hour according to ASTM E 1 19. 

2. The building material of Claim 1, wherein the single piece laminate composite has a thickness of 
about 5/8 inch. 

3. The building material of Claim 2, wherein the fiber-cement sheet has a thickness of about 1/8 inch. 

4. The building material of Claim 2, wherein the gypsum panel has a thickness of about K inch. 

10 5. The building material of Claim 1, wherein the fiber-cement sheet is adhered to the gypsum panel 

with an adhesive layer between about 4.5 mil and 6 mil thick. 

6. The building material of Claim 1, wherein the fiber-cement sheet is adhered to the gypsum panel 
with an adhesive of polyvinyl acetate. 

7. The building material of Claim 1, wherein the single piece laminate composite is roll-pressed. 

15 8. The building material of Claim 1, wherein the single piece laminate composite is pressed in a single 

or stacked configuration. 

9. The building material of Claim 1, wherein at least one surface of the single piece laminate 
composite is sealed with a polymeric water-based emulsion or solvent-based sealant. 

10. The building material of Claim 1, wherein at least one surface of the single piece laminate 
20 composite is primed with a water-based or solvent-based paint. 

11. A building material, comprising: 
a fiber-cement layer; and 

a gypsum layer wherein the gypsum layer is laminated to the fiber-cement layer to form a single 
piece laminate composite. 

25 12. The building material as recited in Claim 1 1, wherein the single piece laminate composite has a fire 

resistance rating greater than that of either the fiber-cement layer or the gypsum layer individually. 

13. The building material as recited in Claim 11, wherein the single piece laminate composite has a 
thickness of about 5/8 inch. 

14. The building material as recited in Claim 13, wherein the fiber-cement layer has a thickness of 
30 about 1/8 inch. 

15. The building material as recited in Claim 13, wherein the gypsum layer has a thickness of about 14 

inch. 

16. The building material as recited in Claim 11, wherein the fiber-cement layer is laminated to the 
gypsum layer with an adhesive that is between about 4.5 mil and 6 mil thick. 
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17. The building material as recited in Claim 11, wherein the fiber-cement layer has a thickness such 
that the fiber-cement layer individually is not self-supporting. 

18. A method for preparing a building material for installation comprising laminating a fiber-cement 
layer to a gypsum panel to form a single piece laminate composite. 

5 19. The method of Claim 18, wherein the fiber-cement layer is laminated to the gypsum panel using a 

polyvinyl acetate adhesive. 

20. The method of Claim 18, wherein laminating the fiber-cement layer to the gypsum panel includes 
pressing the fiber-cement layer to the gypsum panel at a pressure of at least 38 psi. 
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PREFABRICATED DURABLE BUILDING MATERIAL 

Background of the Invention 

Field of the Invention 

This invention relates to building materials, and more particularly, to a building material comprising a fiber 
cement substrate, a polymer film and a plurality of resin impregnated sheets that is both pre-finished and durable. 
Description of the Related Art 

Fiber cement in recent years has become popular for use as a building material instead of more conventional 
materials such as wood, metal and plastics. Fiber cement has better water resistance than wood and is more resistant 
to rotting, cracking or splitting than wood. Also, fiber cement does not rust like metal, and is more durable to 
weathering than plastics. For instance, fiber cement products such as James Hardie Building Products' HARDIPLANK* 
install just as easily as wood siding, but offer a lifetime of low maintenance. Fiber cement siding is a durable, 
attractive alternative to traditional wood composite, cedar, vinyl, brick or stucco sidings. 

Despite these advantages, fiber cement may not always have the desired exterior look and feel for a 
particular application. Moreover, conventional fiber cement materials are often painted or subject to other types of 
post-production or on-site finishing to give the material its desired appearance and exterior protection. However, 
exposure of paint to natural weathering and other factors can lead to chalking of the surface and loss of polymer in the 
paint film. Paint surfaces are also very thin, generally on the order of one to two mils, and because of that are subject 
to chipping, peeling and scratching from surface abuse. 

Laminates comprised of a core having a sheet laminate comprised of a plurality of resin impregnated paper 
sheets adhered to the core are known in the art. Known core materials include engineered wood panels such as MDF 
(medium density fiber board) and particle boards. These products may perform satisfactorily in dry areas, but in areas 
subject to moisture these products have a tendency to swell, which misaligns the edges of the structure. 

U.S. Patent No. 5,425,986 discloses a laminate structure comprising a core of fiber cementboard laminated 
to resin impregnated sheets. The differential dimensional movement of the core and the laminate through various 
environmental conditions can lead to induced stresses between the fiber cement and resin impregnated sheets which 
often leads to splitting of the core or domination. This is exaggerated by environments which experience high 
moisture followed by periods of dryness or heat and low humidity. 

Accordingly, what is needed is a building material incorporating the durability and moisture resistance of fiber 
cement while also having a desired exterior look and feel. In addition, what is needed is a building material having an 
exterior surface that is pre-finished and durable to scratch and wear, while also maintaining strong adhesion to the 
fiber cement, and does not split, crack or deiaminate when exposed to severe environmental conditions or wet/dry 
cycling. 
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Summary of the Invention 

One embodiment of the present invention relates to a building material comprising a fiber cement substrate 
having a first side and a second side, at least one resin impregnated paper over at least one of the first and second 
sides, and a stress-relieving polymeric film between the fiber cement substrate and the at least one resin impregnated 
paper, the polymer film acting as a stress relaxer between the fiber cement substrate and the at least one resin 
impregnated paper. 

In another embodiment, a film for joining fiber cement to a resin penetrated paper is provided. This film 
comprises a polymer adapted to balance stresses between the fiber cement and the resin penetrated paper. 

In another embodiment, a method is provided for bonding a fiber cement substrate having a surface to at 
least one resin impregnated paper to form a building material. The method comprises coating at least a portion of the 
surface of the fiber cement substrate with a stress-relieving polymer film, the polymer film being capable of preventing 
domination between the substrate and the at least one resin impregnated paper. The at least one resin impregnated 
paper is pressed against the polymer film and the substrate. 

Brief Description of the Drawings 
FIGURE 1 is a cross-sectional view of a building material incorporating a fiber cement core having a plurality 
of resin impregnated papers laminated thereto according to one embodiment of the invention. 

Detailed Description of the Prefe rred Embodiments 
The preferred embodiments of the present invention relate to a pre-finished, moisture resistant and durable 
building material, preferably comprising laminating fiber cement to one or a plurality of resin penetrated papers or 
sheets such as FORMICA*. In one embodiment, a pre-finished and durable building material is provided. In another 
embodiment, a polymeric coating or film is provided between resin penetrated sheets and a substrate. In another 
embodiment, a process for bonding the resin penetrated sheets to the substrate is provided. 

The pre-finished building material preferably combines three components: (1) a substrate, (2) a polymer film 
or coating, and (3) resin penetrated papers. These components formed together provide a building construction 
material that is both pre-finished and durable. The resin penetrated papers may be provided on either one side of the 
substrate or both sides. 

The substrate is most preferably fiber cement, but may also be wood, metal such as aluminum, concrete or 
other cementitious material, plastic such as polyvinyl chloride, composite material such as fiber reinforced plastics, 
engineered wood material such as hardboard or oriented strand board and gypsum board. In one embodiment, the fiber 
cement substrate is about 20% to 60% Portland cement, about 20% to 70% ground silica sand, about 0% to 12% 
cellulose fiber, and about 0% to 6% select additives such as mineral oxides, mineral hydroxides and water. Platelet or 
fibrous additives, such as, for example, wollastonite, mica, glass fiber or mineral fiber, may be added to improve the 
thermal stability of the fiber cement. The dry density fiber cement sheet is typically about 1.3 to 1.4 gfcm 3 but can be 
modified by pressing the material to dry densities up to 2.0 g|cm> or by addition of density modifiers such as 



WO 01/36191 



PCT/USOO/31729 



unexpanded or expanded vermiculite, perlite, clay, shale or low bulk density (about 0.06 to 0.7 g/cm 3 ) calcium silicate 
hydrates or aeration. 

The polymeric film is preferably polyurethane, acrylic, acrylic-styrene, polyester, polyether, polyvinyl and 
their modified films. Other films that may be used include but are not limited to films formed from thermosetting 
polymers and thermoplastic polymers, such as epoxy, polyamide, polyimide, polysulfide, silicon based polymer, natural 
polymers such as starch. The film may be an individual film with or without an adhesive on its surface, or may be a 
film formed from water based solution, solvent based solution or 100% solid polymers. In one embodiment, the 
thickness of the film is from about 0.2 mil to 5 mil. 

The polymeric film is preferably flexible, with a glass transition temperature T g preferably between about • 
90°C and 50°C, more preferably below 0°C, with good strength. The polymeric film advantageously has good 
adhesion to both fiber cement and resin penetrated sheets such as FORMICA*. Alternatively, when a separate 
adhesive is placed on one or both sides of the polymeric film, this adhesive should have good adhesion to the fiber 
cement and/or resin penetrated sheet. 

The cellulose paper is preferably penetrated with resin of meiamine-formaldehyde and phenol-formaldehyde, 
and may also be treated by other polymer resins, such as polyester. The thickness of the penetrated paper in one 
embodiment is from about 0.05 mm to 1 mm. The amount of resin in the paper is preferably from about 10% to 70%. 

The process is preferably to laminate the resin penetrated papers, the polymer film and the substrate 
together all at the same time (direct method). Another process that may be used laminates the resin penetrated papers 
first, and then laminates this sheet of laminated papers, the polymer film and the substrate together (indirect method). 

The invention relates in one embodiment to laminating resin impregnated papers such as FORMICA" to a fiber 
cement core. Lamination may occur at different pressures, and may be accomplished by direct and indirect lamination 
as discussed above. The invention also relates to the product of FORMICA* or similar materials laminated to fiber 
cement. 

One problem experienced with laminating resin impregnated papers to fiber cement without a specially 
selected polymeric film is that the laminate suffers from delamination. For instance, after meiamine-formaldehyde 
IMF) and phenol-formaldehyde (PF) impregnated papers are pressed in a pressure machine, the resin will cure and the 
lamination will have a much larger dimensional movement than the fiber cement panel under heat and moisture. 
Because of the differential movement, the lamination of resin impregnated paper to fiber cement will delaminate under 
dry conditions, high humidity or with heating up as the forces on the material tear the lamination apart. 

The preferred embodiments of the present invention overcome this problem by developing a method to treat 
the surface of fiber cement by using a polymer coating or film to successfully stop the delamination on FORMICA" 
laminated fiber cement whether the product is made from direct or indirect lamination. The polymer coating is 
preferably a non-rigid, stress-relieving material, and is more preferably an elastomeric material, even more preferably 
having the properties described above, that acts as a stress relaxer to relieve the stress between the fiber cement and 
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the resin impregnated sheets. Laminates incorporating this coating are less susceptible to anamination and/or splitting 
or cracking. 

Optionally, the fiber cement substrate may be pressed flat in the green state or sanded after curing to obtain 
a smooth surface on which a minimal number (e.g., 1 or 2) of resin impregnated papers may be bonded incorporating a 
coating, as described above. By machining or sanding the surface smooth prior to coating, this enables a fewer 
number of resin impregnated papers to be used to obtain the desired flat finish. Such product has the differential 
stresses between the fiber cement and the resin impregnated papers more adequately balanced to resist cracking or 
splitting of the core. 

FIGURE 1 illustrates one embodiment of a building material constructed in accordance with the present 
invention. This building material 10 includes a substrate 12, which in one embodiment is a fiber cement panel, the 
panel 12 having a first side and a second side. On the first side of the panel 12, a first layer of elastomeric adhesive 
14 is provided, such as described above. A plurality of resin impregnated papers 16 is preferably provided over the 
elastomeric adhesive 14. In the embodiment shown, four layers 16 of phenol-formaldehyde impregnated papers are 
provided. Over the layers 1 6 a layer of melamine-formaldehyde penetrated paper 18 is preferably provided. 

On the second side of the panel 12, a second layer of elastomeric adhesive 20 is provided. As with the first 
side, in one embodiment a plurality of resin impregnated papers 22, more preferably four layers of phenol-formaldehyde 
impregnated papers, are provided over the second layer of elastomeric adhesive 20. A layer of melamine-formaldehyde 
penetrated paper 24 is preferably provided over the layers 22. 

The elastomeric material used for the adhesives 14, 20 preferably can be stretched and pressed without 
damaging the elastomeric material under limited force. The elastomeric material preferably recovers to its original 
shape after relieving of the force. In one embodiment, the elastomeric material used has an elongation between about 
20% and 1200%, more preferably between about 100% to 1000%. The modulus of elasticity of the material at 100% 
elongation is preferably between about 10 to 10,000 psi, more preferably about 50 to 8,000 psi. 

It will be appreciated that the embodiment shown in FIGURE 1 is purely exemplifying, and thus, other types 
of resin impregnated papers in varying quantities may be provided. Thus, in one embodiment, resin impregnated papers 
may be provided only to one side of the panel 12. In addition, each side may preferably have a fewer number or larger 
number of phenol-formaldehyde penetrated papers, for example, 0 to 4. In the embodiment above, it will also be 
appreciated that additional layers of melamine-formaldehyde penetrated papers may be provided, for example 1 to 3. 

Further examples of a building material 1 0 similar to that shown in FIGURE 1 are described below. 
Example 1 

One example of a building material using a direct lamination method according to this invention is herein 
described. A fiber cement panel having a thickness of V is roller-coated with Bayhydrol PR 240 (40% of solid) on 
both sides of the panel. Bayhydrol 240 PR is a water-based polyurethane elastomeric adhesive available from Bayer 
Corp. of Pittsburgh. PA. One layer of melamine-formaldehyde (MF| resin impregnated paper and four layers of phenol- 
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formaldehyde (PF) impregnated papers are put on top of the coated fiber cement panel, and one layer of MF 
impregnated paper and one layer of PF impregnated paper is put on the bottom of the coated fiber cement. The layers 
and the panel together are pressed at 350°F for 5 min at pressure of 750 psi. The laminated panel is then placed in an 
oven of 60°C for 3 days. 

The resulting building material showed no delamination. A building material fabricated in accordance with 
the embodiments described above was subjected to three types of delamination tests: 

1. The building material was placed in a room temperature desiccate (humidity less than 10%) for 2 

days. 

2. The building material was placed in a dry oven at 60°C for 3 days. 

3. The building material was subjected to 5 dry/wet cycles, such as 24 hours in an oven at 60°C and 
24 hours soaked in water. 

It has been found that when no polymer film is placed between the fiber cement and FORMICA*, 
delamination occurs in about 2 hours in an oven at about 60°C. With the film, no delamination occurred under the 
above-described three tests. 
Example 2 

Another example uses an indirect lamination method for laminating decorative paper to fiber cement. The 
phenol-formaldehyde impregnated papers and melamine-formaldehyde impregnated papers were pressed in hot press 
with high pressure {for example, about 1500 psi) or with medium pressure (for example, about 1000 psi) to get paper 
based decorative laminates. The thickness of the paper based laminate may vary from about 0.5 mm to 3 mm. 

A fiber cement sheet having a thickness of about V was coated with WC-0682-M-449 adhesive (H.B. Fuller, 
St. Paul, Minnesota) by using a brush. WC-0682-M-449 is a water-based acrylic elastomeric adhesive. The solid 
percentage of the adhesive was about 48%. The amount of glue on fiber cement was about 7 g/ft 2 (wet based weight, 
i.e. 7 g of 48% adhesive) for each side. A thickness of about 0.5 mm of paper based laminate was put on both sides 
of the coated fiber cement. The paper based laminates and fiber cement core were pressed at about 50 psi for about 1 
min. The temperatures of top platen and bottom platen in the press were about 350°F. 

The laminated panel was then placed in different environment conditions for testing adhesion and 
delamination. The laminated panel showed excellent adhesion and had no delamination. As a comparison, instead of 
using an elastomeric adhesive, urea-formaldehyde adhesive, such as described in U.S. Patent No. 5,425,986, was used 
to make the same laminates. Delamination occurred at the fiber cement core when the laminate was dried in oven of 
60°C for about 2 hours. 

in general, the preferred embodiments of the present invention enable a building material to take advantage 
of the durability and other properties of fiber cement while pre-finishing the material by laminating the fiber cement to 
resin impregnated sheets such as FORMICA* or similar material. The pre finished surface eliminates the need for 
painting, either at the building construction site or paint priming and/or paint finishing coating in the factory. 
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FORMICA* and similar materials have the advantage over common interior and exterior house paints (such as acrylic 
paints) of being more durable to surface scratch and wear. Moreover, the elastomeric polymer film between the fiber 
cement and the FORMICA* or similar material relieves stresses therebetween and prevents delamination of the building 
material. 

The embodiments illustrated and described above are provided merely as examples of certain preferred 
embodiments of the present invention. Various changes and modifications can be made from the embodiments presented 
herein by those skilled in the art without departure from the spirit and scope of the invention. 
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WHAT IS CLAIMED IS : 

1 . A building material, comprising: 

a fiber cement substrate having a first side and a second side; 

at least one resin impregnated paper over at least one of said first and second sides; and 

a stress-relieving polymeric film between said fiber cement substrate and said at least one resin 

impregnated paper, said polymer film acting as a stress relaxer between said fiber cement substrate and said 

at least one resin impregnated paper. 

2. The building material of Claim 1 , wherein the fiber cement substrate comprises cellulose fibers. 

3. The building material of Claim 1 , wherein the polymeric film is selected from the group consisting of 
polyurethane, acrylic, acrylic-styrene, polyester, polyether, polyvinyl and their modified films, epoxy, polyamide, 
polyimide, polysulfide, silicon based polymer and natural polymers. 

4. The building material of Claim 1, wherein the polymeric film is an elastomer. 

5. The building material of Claim 4, wherein the elastomer has an elongation between about 20% and 

1200%. 

6. The building material of Claim 5, wherein the elastomer has an elongation between about 100% 
and 1000%. 

7. The building material of Claim 4, wherein the elastomer has a modulus of elasticity at 100% 

elongation of between about 10 and 10,000 psi. 

8. The building material of Claim 7, wherein the elastomer has a modulus of elasticity at 100% 

elongation of between about 50 and 8,000 psi. 

9. The building material of Claim 1, wherein the polymeric film has a glass transition temperature 

between about -90 and 50°C. 

1 0. The building material of Claim 4, further comprising an adhesive on a surface of the polymer film. 

11. The building material of Claim 1, wherein the resin impregnated paper includes a cellulose paper 
penetrated with resin selected from the group consisting of melamine-f ormaldehyde and phenol-formaldehyde. 

1 2. The building material of Claim 1 , wherein a resin impregnated paper is laminated to both said first 

and second sides. 

13. The building material of Claim 1, comprising at least one layer of phenol-formaldehyde penetrated 
paper over the first side of the fiber cement substrate, and at least one layer of melamine-formaldehyde penetrated 
paper over the at least one layer of phenol-formaldehyde penetrated paper. 

U. A film for joining fiber cement to a resin penetrated paper, comprising a polymer adapted to balance 
stresses between the fiber cement and the resin penetrated paper. 
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15. The film of Claim 14, wherein the polymer is selected from the group consisting of polyurethane, 
acrylic, acrylic-styrene, polyester, polyether, polyvinyl and their modified films, epoxy, polyamide, polyimide, 
polysulfide, silicon based polymer and natural polymers. 

16. The film of Claim 14, wherein the polymer is a water based polyurethane elastomeric adhesive. 

17. The film of Claim 14, wherein the polymer is a water based acrylic elastomeric adhesive. 

18. A method for bonding a fiber cement substrate having a surface to at least one resin impregnated 
paper to form a building material, the method comprising: 

coating at least a portion of the surface of the fiber cement substrate with a stress-relieving 
polymer film, the polymer film being capable of preventing delamination between the substrate and the at 
least one resin impregnated paper; and 

pressing at least one resin impregnated paper against the polymer film and the substrate. 

1 9. The method of Claim 1 8, wherein the fiber cement has a thickness of about 14". 

20. The method of Claim 18, wherein the at least one resin impregnated paper includes a plurality of 
resin impregnated papers. 

21. The method of Claim 20, further comprising pressing the plurality of papers together prior to 
pressing said papers against the polymer film and the substrate to form a paper-based laminate. 

22. The method of Claim 21, wherein the paper-based laminate has a thickness of between about 0.5 

mm to 3 mm. 

23. The method of Claim 21, wherein pressing the plurality of papers together takes place at about 
350°F for about 1 minute at a pressure of about 50 psi. 

24. The method of Claim 18, wherein pressing occurs at about 350°F for about 5 minutes at a 

pressure of about 750 psi. 

25. The method of Claim 24, further comprising, after pressing, heating the building material at about 
60°Cfor about 3 days. 

26. The method of Claim 18, further comprising smoothening the surface of fiber cement prior to 

coating. 

27. The method of Claim 1 8, wherein the polymer film is elastomeric. 
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SURF AC! 6800VE SYSTEM FOB BUMS SHEETS 

Badtoround of the Invention 

Beld of tha Invention 

This Invention relates to a matftad, apparatus aid article enabiig ouicfcly and more easily cutting, breaking 
and installing building sheets, and mora particularly, to Wing sheets having;a surface groove system to guide a 
cutter without the need far a straight eiga, 
- Description of the ftelatej Art ^ 

Boiling sheea matl^^ used as hackerboards for floor?, 

coantertop^ wails, ate. For mstanMadcsrtw ties are used for ecuntortops to provide theater 

resistant, relatively rigid, dhron^on^y-jtaWB foundation ever which the tib is bonded durmg the installation. 
ConveniionaOy, the backerboard is taU over an exterior grade sheet of plywood to t foch thick and adhered thereto; 
uang an actehre such as a dry-sat Portland cemant mortar or latex-modified pertfand cement mortar tfiinseL Tha 
backerfeoard is also fastened to the ph/wood subffoor using nails cr screws. Ones tha backerboard is in pfec* caranse 
t2B Is Idd over tha backerboard and edhered thereto using a modified thmset cr other suitabla tile adhesive* 
Backerboards are Installed In a similar manner lor a number of other applications, such as tile backer for flow 
instaOations and waloard installations where the material is totalled direct to stud or exterior sheathing or paneling 
applications. 

For these and oto application* building sheets must generally he sized and cut to an appropriate dsnension 
for installation, For instancy ti& backerbcanjs most be appropriately sized and cut before placanent over plywood 
subfieor. This can be a to consuming and febsr-intensivo process requiring a number of (Efferent tools arfgreat 
precision to size and cut a board to the toed tension. Cuttmg of a backerboard typicaBy retires using a straight 
ed^and scoring knife to score the baekeitoa/d on one aids; and then snapping tha backerboard op against the eilge of 
the straight edge to break the board along tha score mark, ft is often difficult (part'eubriy. for long cuts) to hold the 
straight edge m a fixed relationship to tha material with one hand, and perform the scoring or cutting with tftroiher 
hand. Resultant slippage can reduce the accuracy of the resulting cut Alternatively, a circular saw with a carbide 
tipped blade or shears have also been used to cat hackerboards. 

To assist in determining a desired cut location, hackerboards have been known to contain marker locations, 
for example markers 6 inches apart markBd in ink, to indicate fastening locations for nails or dnOs. Thase markers can 
also provide a visual aid to enable a cutler to more easily locate a desired cutting location. U.S. Patent No. 5,673.489 
to fiobefi describes a ^U^d measurement system for construction materials such as waited* wherein a plurality of 
horizontal and vertical unit measurement markings are positioned around the perimeter of the construction material 
surface to provida quick dimensional reference for sizing of the construction material. The construction material 
surface is filled with horizontal end vertical grid markings between the numbered unit measurement markings. 
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Construction boards with inarklngs a* described above, though generally asslstlng in visuaSzins cut location* 
still do not significantly decrease too tans and labor for installatioa This is duo in part to tha fact that boards with 
markings srjl require the we of a straight edge or o to tool to guide a cut mark across the tod. 

Accordingly, what u naedeJ is a method and appafltus for reducing the time and improving tha efficiency of 
instalOng fjuMing sheets such as back erboards, and mora particularly, a boiling sheet that accomplishes soma or all of 
these and other needs. 

Summary of the Invention 

Brfaffy stated, the preferred embedments of the prejent invention descffeaMding sheels with 3 plurality of 
grooves indented into a surface of the bwlliig sheet to provide a gusiefer cutting thebuSding sheet along the grooves. 
Preferably, the grooves are arranged in a regularly repeating pattern and are spaced apart by a standard unit of 
measurement in order for a cutter to accurately sire the building sheet to a precise dimension. A simple caiMdfrtop 
scoring knife such as supplied by Superior Featherweight Tools Company, Industry, CA, is preferably used to score tha 
sheet along the grooves, without tha need for a straight edge, and tha sheet Is broken by simply bending me sheet 
along tha score mart Tha grooves are preferably provided at a depth into the surface of the sheet such ttatthey do 
' not substantially decrease the strength of tha sheet or affect oftyroove seoroig and snapping. Tha design of the 
grooves is such that a score mark can be made between, across or cn a diagonal to the grooves and the material 
snaps so that the line of breakage follows the score mark 2nd not me fine of the nearby grooves. 
j Other indentations may also be provided into the surface of the building sheet. For instance, in one preferred 
' embodiment, fastener indent areas may be provided at regularly spaced incrarents to receive nails or other fasteners. 

These indent areas aBow the fastener to he inserted through the sheet with tto head of tha fastener being nailed or 
. screwed flat or below the surface of the sheet Edge markers may be indented along the edges of tha sheet to further 
indicate d3sired measurement increments. Opiionaliy, edges may be grooved, flat or set down Set down sreas at ths 
edges of the sheet provide an area for na3s,adhesivBs end joinmg tape to ha placed onto the sheet without protruding 
v. above tbesurface of the sheet 

Thus, in one aspect of the present invention, a building sheet is provided. The sheet comprbas a 
substantially flat board having a front surface and a back surface and a thickness defined there between. At least one 
surface groove is formed into one of the front surface end back surface, the groove defines a One of cutting adapted 
to guide a knifepoint across at least a portion of tha board. 

In another aspect of tha present invention, the building sheet comprises a substantially fiat board having a 
top edge, a bottom edge and opposing side edges, and opposing feces defined between the edges of the board. A 
surface grid system is provided on at least one of tha opposing faces, the surfBce grid system including a plurality of 
. cutting grooves indented into the face of the board that artend substantially across the faca of tha board in straight 
Unas. The grooves are arranged in parallel and perpendicular to tha edges of the board or to one another, and ere 
capabla of receiving a score mark for cutting ad breaking tha board. 
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In another aspect cf tha present invention, tha buiHtng sheat comprises a substantially flat board having a 
front surface -and a back surface and a top edge, bottom edge ami opposes side edges. The board has a thickness 
defined between the front surface and bade surface. At bast ona set down area Is indented crto one of said fjont 
surface and feck surface. The at least one sat down araa Is adapted to receive a fasteaer therek In era 
embaifiment the at least one sat down area fratodas a plurality of fastener guides arranged to e regularly repeatinu 
pattern across y» surface of tna board In aoothsr o^oJinm the at least one set down area includes an edga set 
down area adapted to receive a reinforcing tape therein. 

to another aspect of the psm lav^n, a buikfttg sheet construction is provide! This abstraction 
conptses 3 foundation layer hating a front surface and a back surfaca, and a jitoantaBy flat board havsig a front 
surface and a back surface overtyihg the foundation layer, Tito back surface of the board overfes the front surface of 
the foundation layer. thafnml'surfaceof tha^ 

At least one fastener having a haad extends through As board Into tha taxation layer, wherein th* fastener axterals 
tagh an indentation such that the head of the fastener lies at or below the front surface of the foundation feyar. 

In another aspect of tha present invention, a btido$ sheet comprises a substantiaiy flat board having 
opposing surfaces, and a plurality cf Infestations provided into at least one of said opposing surfaces* The board tes 
a bending strength that has been reduced by no more to about 20%, mora preferably about 10&, and even mora 
preferably aimit 5% below than tha bending strength of the same board without the plurafity of indentations. 

In another aspect of Ilia present inventies, a method of cutting a biidlng sheet jYprcinM The bailing 
sheet is scored at e dested location m a surfece of the sheet, the sheat having at least one cutimg groove formed No 
thasheet Thaj^ering of tha sheet forms a acera mark m the surface. The abfi^t is bent alijog the scorn mark to 
break the sheet In one embodtet the sheet is scored such that the score mark ItsswithJn and substantially along a ? 
cutting groova. fo another mbodiment, the sheet Is scored such that the score nark lias substanteily outside of a . 
catting ^oove. 

Brief Ooscriotion of the Omwinas 
RGURE 1 is a perspective view of a backerboard having a pkjrality of intersecting surface grooves. 
FIGURE 2 is a top elevation view of a X 1 5' backerboard having a plurality of intersecting surf ace grooves 
with a Tspadog. 

FIGURE 3 is a top elevation view of a 3 1 x 5' backerboard having a plurality of parallel surface grooves with a 
1" spacing. 

FfGUfiE 4 is a top elevation view of a T i 5' backerboard having a plurality of intersecting surf ace groovas 
with a 3* spacing, 

FIGURES 5A-5F are cross-sactioaal mm illustrating different groove configurations lor a backerboard. 
FIGURE 6 is a cross-sectional view of a Y thick backerboard having differentiated V-shaped groom. 
FIGURE 7A is a perspective, my of e bax&erboard having circuiarjo.cators atihe intersection of. grooves at a 
1 inch spacing. 
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FIGURE 78 b a top ebvation view of a backerbeard having drctifar locators at the nrterssdc/t of grooves at 
almchspacfog. 

B6BlSiA is a perspecliva view of a barfcertroanJ teing Jamond-shaped locators at the intersex of 
gfobvasatelincfi spacing, 

BSURE IB is a top elevatiw view of a backward tang diamond-shaped locators at the intersection of 
pom at a 1 Inch spacing, 

flSURfS 9A is a perspective view of a bsckerboard having a pfaraffty of parallel grooves indented therein 
feeing cut with a scoring knife along the pocve. 

FIGURE BC is an enlarged cross-sectional view of the backeiboanf of FIGURE 9S bang cut along a V-shaped 

groove. 

FIGURE 19 is a perspective view of a hadcerboard having a pliraBty of grooves itemed thereto and a 
scaring knife cutting the board between the grooves. 

FIGURE 1 1 is a top elevation view of a backerboard having a plurality of fastener indent areas. 

R6URE 12 is a top elevation view of a plurality of imprint or indent patterns that may be used as edge 



RBURES 13A and 13B are cross-sectional views of a backerboard having fastener siden! areas. 

Re«m£14 » a eroawectienaf view of one embodiment of a pair of backerboaids having a set dawn area 
fastened to a plywood flooring. 

FIGURE ISA is a side view of m embodiment a backerboard having a set. down area onioth its front 
surface and its beck surface, : 

FIGURE 15B is a sida view of another enrolment of a backboard having a set down area on its front fees 

only. 

Detailed Description of the Preferred Emhodfrrams 

Certain preferred embodiments of the present invention relata to a building sheet having a plurality of surface 
grooves provided therein that eld in cutting the sheet without the need for a straight edge. The building sheet is mare 
preferably a backerboard for flooring or other surface treatments such es ceramic tile, countertops, walls and the like. 
Howevar, it will be appreciated that the principles of the present invention may ba applied to other types of bidding 
sheets, including, but not limited to, Interior wallboard, wall panels, exterior sheathing, panel flooring, decking, ceiig 
panels, soffit panels, facade panels and general building and furniture flat panels. 

FIGURE 1 illustrates one exemplary emtodirneflt'of abeckerboard lOhaving a pluraSty of surface grooves t2 
provided thereon. The backerboard 1 0 f before being sized and cut to its desired droension. far installation, is preferably 
a substantially flat, rectangular board havmg a top edge 14, a bottom edge 18, side edgas 1 8 and 20, e front surfs 
^qj face 22 end a back suifaca or face 24. Tfca tackerboard of thojref erred .eiTigfirnimls^wde^ cement \ 
eterial, such as James Hardie Suidmg Products' Hardftratkar*, although other materials, suckas plyv^TTjarSbo^ 
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oriented strand board {OSB), engineered weed, to^ratt*«iDf©C8d cement substrata sheets, coram boards, 

gypsum based wallboards arid ceiDsnt-bondBd partnia boards may also be used. 

in one Embodiment, the fiber cemant material is about 20ft to 80% Portland cement about 20% to 70% 

ground silica sand, about 0% to \2% ceiuto ftbsr, and about 0% » 6% -'safec! eddftnss such as'nunerai oxl|fd$ y 

mineral hydroxides and water. Platelet or fibrous additives, such as, for exampf* wofestonmi, mlci, glass ffcer.er 

mineral fiber, may ba edded.to inpove tta hernial stability of the fiber cem^ The dry deasHy fiber cement sheet is 

typically about 08 |tef (bw density) to about U $tit {medium density) to about IJB g/orf cr more (high density). 

Density can ba modified fey addition of density modifiers such as imaxpanded or expanded v^/moifits, pafrte, day, 

shale cr low bulk density [about QJ)6 to 07 glen 3 ) cafchan sfficate by^atat The mature content of tha fiber 

cement Is preferably from about \% to about 301 Tha art of mamrfacturmg cellulose fiber reinforced cement Is 

described In tha Australian patent AU 515151. 

Typical backerbeard sizes in accordant with tha preferred embadimanta of tha present invention are 3' x 5', 

4' t^^£j^JL]mii thicknesses of preferably 3* or neater. Other mM tfucknasses of 3/8, 7/18, £ and 5)8 

mchjnayalso beosad. - 

Tha grooves 12 iterated m FIGURE 1 are prafer&Jy provided only on the front surface 22 of the 

backeiboard 10, although it will be appreciated that grooves may be provided only on tha back surface 24, or on both 

surfaces 22 and 24^ Grooves may be desired for the back surface; for instance, when tha front surface of the Wing 

. sheet needs to ba fbt for painting or other application* TTiBgraoves 12 iestratedbiFffiURE 1 preferably include two 

sets of grooves, namely a first set 28 that rims paraflel to the top and tottom edgas 14 and 1% and a second set 23 

that rims paraflel to tha side edges 13 and 20 and perpendicular to the first set 28: It wiD be appreciated that m^oves 

may ba provided at different angles en the backerboard, and may. run in ssjgJa or maraple direction! 

Tfcagrooves i?preferabJy run mstraght Ones ai^ss the faced tha board. Inane enMmeht thagraovas 

stop short of tha edgas of the board, as shown k FIGURE 1. For example, a board that is 3*i W in sire may. haw 

grooves that extend to about Vk inches from the edges of the sheet This distance is preferably short enough to allow 

a freehand cut from the end of tha pove to the edgeof the sheet By stopping the grooves short of tha edge of the 

sheet these edga areas without groove indentations may ba used for joining adjacent sheets with adhesive and tape, 

as described below. These edge areas also may be usedfor placement of increment identifiers es described below, 

FIGURES 2 and 3 illustrate backeiboards 10 that are preferably 3' x 5 1 in sis having a plurality of grooves 12 

indented to ein. F18URE 2 illustrates a board having both horizontal grooves 25 and vertical grooves 28 as in FIGURE 1, 

except that tha grooves in FIGURE 2 extend all tha way to tha edges of the board. FIGURE 3 tarata an embodiment in 

which only vertical pooves 28 are provided across the board. 

The grooves 12 in tha embodiments above ere preferably arranged In a regularly repeating pattern, such that 

there Is unifoim spacing between tha grooves of tha first set 2S, and there is uniform spacing between tha grooves of 

tha second set 28, _A3 illustrated ip FIGURE 2, when tha groove spacing is pref af a|ly imif p_rn> .each groova of tha first 

set 26 is set apart by a distance y, while each groove of the second set 28 is set apart by a distance x, : Mera 
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preferably, tha distance i is equal to the distance y. The distances t and y ara preferably aefetted ra correspond with 
a standard rrsasuxing unit to enabla a quick deteradnetjcin as to the ska of tha hoard along each of the grooves. For 
toanca, in tha ibtito of R6UHE % tfcs sfadngx y Imtween tha groflyes 'a 1 inch. Sttrfy, for a board 10 as 
listrated h FIGURE 3, a standard spacing between the vertical grooves 28 may also ba I inch. HwOlbe appreciated 
that tha grooves may ba placed doserer farthar together as desireeY Grooves plated closer together enable greater 
accuracy b cutting and reducaj tha Una taken to measure, mark and cut tha sheet. Thus, mhs Increments as low 
as 1/32* of an inch or lass and as large as 12* or more may also ba used. For instance, FISUHE 4 ( described in further 
detail below, illustrates a 3' 1 5* hackarboard 10 having intersecting surface grooves with a 3" sparing. 

Tha depth and shapa of tha pom 12 are selected such that the grooves are capable of guiding a 
knifepoint, penal or marker in a straight Jna along a pave. However, tha depth of tha grooves Is preferably not so 
deep such that when a diagonal scora mark is made in tha hoard surface across the groovafes, tha board wten oem 
breaks along a groova Bna instaad of along tha score mate Tha depth of tha grooves 1 2 is also preferably not so deep 

- such that a diagonal score fins across tha groove ioies causa a knrfepoint to umntei^onally track mto the fm of tha 

- ppve. Moreover, tha depth of tha grooves ^preferably not so dap s^h ttet tha grooves ^tantially dfiCTea^ tha 
strength of tha backertoard. Per any particular board materia! and thickness, such a groove depth can be reaoly 
ascertained by simple empirical means, as described in mora detail below. 

According, m oua embodiment tha grooves 12 ara preferably between about 0.001 inches find 8 tha 
thickness of the sheet Hfler a prafarabty, for a backarboard having a tfecfmesa of Y t tha grooves 12 have a depth of 
about 04)1 to Q.0Oinches. Even mora preferstrfy. tfeejoova depth is preferably lass than about 25% of tha thickness 
of 1h3 l^ard, mora inferably law than about 1 5H of His tMcknesa of t!« board. J 

Tha groove steps is capabia of pling a knifa or marker such as a pencil pen or tenure. The cross-sectional 

* shape of tha grooves may be square, T-shaped, rectkgular/semkkcular, oval ellipse, or conAinatioru thereof. 
FIGURES 5A-5F iterate several erntodsrants for groove configurations, which can ba V-shaped (FIGURES 5A end 
5Bfc rectangular {FIGURE 5C), curved or sefrecircular {FIGURE SDK trapajoida) (FIGURE 5ft or rrtitisaied (FIGURE 5R. 
Where a V-shaped cutting knifa is to ba used, V-shaped groove configurations may ba preferable. It wil be appredated 
that g/owe configurations oto than those described herein are also possible. 

The shape of speciftc grooves on abadcerboard may optionally ba different to ths general groove design to 
facft&te easy recognition of incrarnenta) dimensions. For example, such a differentiation would enable tha recognition 
of 1 inch increments on a board such as shown in FIGURE 4 having a general V increment groove spacing, FIGURE 6 
Hustr8tB3 an exemplary differentiation of the groove shape wherein approjunatejv 0*0313' wife by 0.02* deep V- 
shaped groovas 26a are pieced et V increments end approxrmately^ofas* wide.by O.GT deep V-shaped grooves 
28b are placed et 1 " increments, Tha wider grooves 26b at V fneremants make it easier to distinguish these grooves 
from the 3* grooves. It will be appreciated that other variations in groove shape, sirs and incremental spacing ere also 
contemplated. .In add'rnog the di ff erentiation b atwesniha grooves can be accomplished by markings .printing in. or by 

solactid grooves, afweH as through varying thBshe^rsSpalf tha-gicovjs. 
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RSURES 7A-7B Jtetrate snathe e^iotel of a bae^anT which anattosy recognition of 
incremental grove spacing. As shown si RSUBES 7A and 78, a backboard 10 is provided whb evenly spaced parallel 
grooves 12 intersecting at right angles on the surface of tha board. These groove 12 m [rraferahly V-shaped, and 
feve ths sams sua and shapa tfaroi^hoiTL In ona emkdimant sach of the grooves is spaced V apart To determine 
a desbd spacing between grooves 12, locators 60 ara preferably provided at tha intersection of certain grower mora 
preferably at regufarfy repeating teemrats across tha board. For instancei m ona eriodlmerit where 48 grooves are 
spaced at V increments, the locators 60 aro provided at 1 Inch jneremants, and thus at every fourth grove bath along 
the length end width of tha board as shown in FIGURES 7A ami 78, 

The locators SO am preferably Indented into tha surface of tha board of the intersection of tha povei Tha 
stops of tha beater 60 is preferably generaify drcubr i^ vM from above, as shoarn in FIGURE 78, such that 
tha boundaries of tha locator extend mrt^rfe tha to of tha grooves to make tha locator more recognizable, in one , 
exriodimant, the dtanEter of tha locator 60 Is about Y as compared to a groove width of about 0.04 Mas. Tha 
surface of tha locator is preferably sfopsd inward toward the intersection of tha grooves to prevent a krufa posit from 
accidentally trackfrtg into tha locator during catling. Mora preferably, the sloping of the surface of the locator makes- 
the shape of the locator generally corneal Tha depth of tha locator is preferably no more than the depth of the 
grooves, which m ona embodiment is about 0.02*. 

FIGURES 8MB Sustrate a similar embodiment to that shown a FIGURES 7A-7B, except that tha locators 
SO have e iamond or spare shape rather than a circular shapa when viewed from abova The edges of tha dransnd 
preferablif extend batweea tha peipendicufar intersecting grooves, and ss tiia embodonent ^sowe have a length of 
about 0.03 inefck Tha locators W shown m FIGURES BA4B more preferably have sloped surfaces defining a 
substaritialy pyramidal shape, with tha apex of the pyramid corresponding to the point titers tha grooves intersect 

' it wJI fa apprecatsd that other shapes may be used to indicate the locators of intersecting grooves on the 
board* In addrrjan to shapes and Mentations, printed indicia can also ba used to mark tha locators of predirtannsiad 
intersecting grooves. Wore generally; any typa of locator may be used to mark tha location of intersecting grooves al . 
repeating increments across the board, whera tha increments are determined as a muitipfe of tha standard groove 
spating on the board. 

F160RES 9A 8C illustrate one preferred method for cutting a backerboard 10 having at least cne groove 
indented therein. A board 10 having a plurality of parallel grooves 12 is provided. A cutting knife such as a utility 
knife, more preferably a cartidfrtipped score and snap knife 30, cuts tha board along ona of the grooves. Optionafly, a 
pencil or marker may be used to marl tha board along tha grooves prior to cutting to indicate tha location that the 
cutting knife or other tool should follow. The groove 12 guides the birfe 30 such that a acora mark 32 is made across 
tho board within the groove without the need for a straight edge. Aftar scoring tha board along the groove, tha board 
is bent along tha score mark 32 to break tha beard. 

Cutting and breaking a board in this manner greatly reduces tha time, labor and tools required for gizing and 
installation of the board. The surface groove pattern enables the location of tha desired score mark to tie easily 
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idamtfiad and tha coxmpoiuSng oroovas enable a quick and easy score mark to ha art into tha shea! so that the sheet 
can be snapped into the desired saa. Thas, there is no D98d'lor a tapa mBdsum,- Dto nsrkino or straight edga. Tha 
only tool that is nasiled b a scc/e kiufs that is light and easy fa carry in a pocket ortooJ ha 

As discussed above, tha depth of tha grooves is preferably smarted so as not to substantially decrease tha 
strength of tha backertaard. Tha reduction ® strength of tha board is to tha presses of grooves can generally be 
datemrol for example by scoring tha bard at a location eway from a groove, such as the flat region between 
grooves or across poves, or dagonafly across the Gna of the groove* When bending tha board to break it, tha board 
should break along tha scored marie and not along any of Ilia grooves. Thus, FIGURE 10 illustrates Oft^ng a board in 
an alternative mannar, in which a board 10 te a ptaffty of grooves 28 and 28 as descrW above. However, the 
scaring kni!a3Q is used to make a score mark 32 between grooves 28 and across grooves 28. This score mark may 
I barnade withthe assistances a straight edge 34 as shorn or may also be made freehand or with another tooL 

Because of the preferred speriafly selected depth of Ite grooves 28, scoring tra board across grooves 28 
doss not causa the score mark to accidentally track into the grooves. This remains true even when the score mark is 
made at an angle other than 80 0 to tha groove (Ines, because the depth of tha score mark is preferabty deeper than the 
depth of the grooves. For example, the depth of tha store mark may be between about Q.8 mm and \2 mm. When 
this board 1 0 is bant in order to break it, the board Mil-break along the score mark and nut along any of tha grooves 
26 or 28. Thus, it wJ ba appreciated that one .particular advantage of the preferred onbofeiants of the present 
invention is that the grooved backerboard need not be cat along the grooves, and therefore the cut board is not Crated 
in size or shape to the arrangement of thB grooves. The grooves act as a guide ordy and is not a Mate of the 
cutting method. 

Tasting res been performed to demonstrate that formation of the grooves on the-board does not decrease 
substanuafly fee bending strength of the board. A flat single fiber cement sheet having a thickness of 6.7 ± 0.2 mm 
was formed having regions with 0.02 incfe deep grooves and regions without grooves. The sheets were cut into 250 
mm t 250 mm test specimens and equilibrated at 50 ± 5% humidity and 73 t 4 °h Tha sheets were tested for 
bending strength using a three point bend test supported over a 165 mm span on a M7S mechanical testing machine. 
Ten specimens were tasted, with the average rasulfcgiven below. 



Table I, Peak Loads of Grooved and Flat Backerboard 





Grooved Surface Strength (Newtons) 


Rat Surface Strength (ftfawtens} 


Face Up 


687 


700 


Face Down 


708 

- 


741 



The results of this testing indicate that the strength of the board is not reduced by more man about 6% because of the 

grooves as compared to a fist surface backerboard. it will be appreciated that shallower or deeper groove depths will 

causa, various reductions ^}f. the strength of a board. Thus, even boards that experience, a. greater, ceductisnin the 

board* s toad carrying capacity, for example, tip to about 1 0% and even up to about 20* because of tha presence of 
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tha groom aft stffl considered to ba useful and witMft tha scope of tha rovarnloa Mora generally, it wffl .ba 
appreciated that boards havfeg grooves yemed tharaonremaln useful so long as tha dmWjad load carrying caparity 
of tha board does natmaka tt difficult to make diagonal or off-groove arts, or where it becomes tfffplt to harafla tha 
board without tha board breaking. 

%various groove shaj^: and sires are prafeaMy f armed by processes such as ffiacNflisft fliolding and 
* embossing. Machlnaig incfeidas all wood anlmetal msdinkg tods such a* planers, roirters; <Wla aid teuton 
machine lathes, spindle moWers, wwler saws, mlng macfmas, etc Molding the shapes In the material 
surface can be dors during formation of an article in a fiat casting mold or on an acarttion roller. Also casting, 
eitwslon, i^actioiHnoW^ process® tan also be used. Errtessins tftd shapssin the materiaf siofacs can ba dona 
after the nia^ 

Tha embossing can ba dona by a patterned roller or plate being pnsstf into tha surface « the sheet, laser etching 
may also be used to form tha grooves in tha sfieet 

fee craferablif, a patterned accumulator roll of a Hatschek process and a rol embossed process hava baen 
used to form the grooves in fiber cement baari In the embossing process, appm^efyiOOOto WOpoiinispar 
linear fee! ere required to emboss the grooves onto tha pen article; - 

It is an advantage of tha accumulatcr roll formation process that a diagonal score and snap cut at an angle to 
ftapjcovesttiurthiiKfaredbytfa bfMk&raunta'on^ This* because the 

laminate femation of the irwtertaJ is not broken unEe a materia! post-cure manned pova. Mora particularly, the 
acoifnaiatof rot process grasses tha lajrloate foimation rn : the giooved se^oa therdiy tereasnig the localized 
density around the groove, whereas a madfyr^g Qrcuttmgproc&ss to form the grooves tends to create defects which * 
carlead to crack propagation end even bmkzp during hanging. Thus, a board hairing grooves formed by tha 
accumulator roil process exhibits greater bending strength than a similar board with proves formed by ratfuning! 

Optionally, tha backerboard efnbodments Mrated in FIGURES 14 above also include guide patterns 40 
whfch ara used to indicate locations where fasteners such as nails can ba placed to fasten the backerboard to 
underlying materials such as plywood. These guide patterns may ba optionally formed or irnpreited onto tba faca of 
tha sheet as a guide for nail fastening, or may be indented below the surf ace of tha boari Nail patterns* for instance, 
may ba provided in boards having grooves, such as shown in FIGURES K or without grooves, as shown in FIGURE 
1 1 , When provided on a board having grooves, such as in FIGURES R tha pail patterns 40 preferably intersect tha 
grooves and are spaced apart by a unit rreasuremeot (for instance, 6" in FIGURES 2-4). ft will ba appreciated that naO 
patterns 40 can also be provided with other spacing, and also between grooves on the backerboard. 

In one preferred embodiment, tha nail patterns 40 are indentations m the surface of the board to form nail 
guhla Indents. For a V board, tha depth of tite naB gaide indents is preferably between about 0*005 inches and * the 
shaet thickness. Mora preferably, when the nail pda indents intersect with tha grooves on the board, tha depth of 
the indents is at iaast as deep us the grooves s* as not to fast? rf ere with the sconmelthe to[d through tte grooves. 
In one embediment, where tha grooves ara 0,02' deep, tha nail guide indents ara 0.04* deep. 
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FIGURES Hand 11 Qhjstrate ths ami giid t pattem 85 fctelng a drda, The di^neter of thd arda b pref erablf 
large enough to at feast accommodate the head of the fastener tote inserted therein. As shown in the embodiment of 
FIGURE 4, this circle pisferaUy has a fester of 0.25 to 1 inch, more preferably about 0.45". It wt'D ba appreciated 
that whether tha pattern Is en imprint or is indented into the surface of the board, the pattern may have other shapes, 
such as a round or oval dot a short line, 8 token Hi* an Intersection set of short lines, a drde, a semicircle, a 
triangle, a square, a rectangle, or a potygwt A variety of poss&la patterns ere shown in FIGURE 11 described in 
further detail below. 

When tha nail guide pattern is m inrfentati on f ormad into the surface of the material tha shape and sire of 
ths indentation shall ha preferably suf toil to accomnrndate tha head of tha nail below tha main sarfaea of the 
material, f ICUftE 13A iluitrates one embodiment of a V backerboard 10 fastened to a plywood flooring 38 using an 

• adhesive, wdi as Portland cement mortar thinset 38. A fastener or naO indent area 40 is provided on the top surface 
22 of the backerboard for receiving fastener email 42, which is preferably a 1 *' corrosion resists roofing naU The 
naO indent area 40 is an indentation defining a set down area extending below ths top surface 22 such that the head 
of tha nail 4Z when driven through tits backerboard into tha plywood, does not extend above the top surface 21 In 
tha embodiment shown in FIGURE- I3A, the bottom surface .24 of tha backeitoard 10 also has a eta to 

. cormsponiSng set down area 44 below the nail indent area 40 when formed using a Hatschek or similar process. 
Alternatively, tha bottom surface 24 may ba completely flat, as in FIGURE 1 IB, such as when the indentation is 
formed by a machining or an Embossing process. 

Hie nag* mt^ 40 illustrated 'm FIGURES 14 and 11 provide locations for naih in a regularty spaced ■ 
arrangement around tha board 10. However, naar the edges d'lha board tha na3 gufdas 40 are preferably .placed " 

* sHghtfy inward of the edge to acconynodate fastening near the edges. As iterated in FIGURE % for naD gisdes 40 

. generally spaced 6* apart in a T 1 5* board, near the edges of the board the rei guides 40 are pref erahty placed T . 
from tha edges. Mora particularly, near the corners of the board the guides 40 are -placed 2" from one edge and 2* 
from the other. It wal be appreciated that these dimensions are purely exemplary, and therefore, other nail pide 
spacing may also be used. 

FIGURE 14 illustrates another optional embodiment in which tha edges of the board have a set down area to 
accommodate rails, adhesive and atksS resistant ffcerglass reinforcing tape found at tha {aim of two boards. Whan 
laying two backertwards adjacent each other, edtesve tape is often used to tape tha joint along the edges of the 
adjacent backertwari FIGURE 14 Estates such a joint 48 between two adjacent backerboards 10a and 10b 
fastened to plywood flooring 38 through adhesive 33. Near the edges 20 and 18 of backerboards 10a and 10b, 
respectively, nails 42 are driven through the backboards to fasten the boards to the plywood 38. Reinforcing tape, 
such S3 an alkali resistant fiberglass backer tape 50, is placed over the head of the nails to join tha boards together. 

The backerboards 10a and 10b each preferably has an edge set down area 48 on the front surface 22 
thereof at the edge near tha joint _4B, where the front face 22 of the boards li recessed or set down by a distance t, 
iitostrstftd in FI6URES 15A end 158. This set down srea 46 provides a location for setting ths backerboari using 
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nails 42 asdescrihed above drivsa though' tha beard into the plywood 36. Because of the at down area, tha heads of 
tto nails do rot extend above the surface 22 In addrtron, the reinfordng taps 50 pnvntedovsr tha Joint and over the 
mb 481i campfsttiy wffliin the set down area 48 and duas not rise above swface 22 As shown in FIGURE 14, tha 
set down area 42 is prafexatjfy tied with portend cement mortar timet 52 or othy adhesive to provide a flat surface 
for tha adhesion of tile or other building products. Tha sat down thus has tha advamap of raiding a space f or pint 
setting compounds, fasteners and reinforcing fabrics to tl to a lavel fiat with tha surf ace of tha main sheet Ma 
enafc&ng tha strengthening of tha connection between two sheets. 

to tha embodiment of FIGURES t4-15fctha pi/waod Coring 38 pjgfarably has a tMelnass of about i\ and 
tha haekefboards tOa and 10b each has atfccfeness of about X'. The nails 42 ara preferably aboirt 1 V in length, and 
tha backer tape 50 is about 2* wide, lbs width z of tha sat down tern tha edge of the sheet shay ba suffipent to 
acwmnurJatB reinforong tapa In tha jomt teen two sheets ara placed alongside each oihf*. When ths reinforcing 
taps is about 2 inches wife tha sat down width is jHsferabfy greater than half this width, .about t inch. Preferably, 
tha widths of tha edge sot down is about 1 .25 inches to allow for clearances. Tha width may ha designed in other 
ways to suit tha reinforcing tapo width. 

Tha depth t of tha sat down is preferably sufficient to accommodate a flat head fastener, such as a roofing 
sail or a tegfe-head screw, pfus remfordng t apa and joint setting compounds such that tha joint can ba sat flat with 
the main flat surface of tha sheet Preferably, a set down t of about Winches is used, and more preferably is not 
lass than about 0.005 inches and not greater than about % tha thickness of a %' sheet An advantage of this design 
Is that na8 or straw heads are acoroodated by lower regions to ensure that the sarfcts flatness rs not interrupted 
by high points that may act as stress conrentrators when loaded in application. Tha set down area also helps ensure 
that tha nail is not overdriven into the materia) such that the nair/s sheet pulfthrough strength is reduced. 

The embodiment illustrated in FIGURE 14 depicts the backerboards 10a and 10b 8s hiving a bottom surfece 
also having j uet down depth. Alternatively, a board with the type of construction is also shown in FI6UKE 15A. 
FIGURE 15B illustrates a similar board wherein tha bottom surf ace 24 is completely flat 

It wiB be appr aerated that in boards having an edge set down area, tha grooves may or may not extend into 
tha area because of the recessed depth of the area. The edge set down area may also be used for edge markers, as . 
described below,. 

The nai guida Indentations and other set downs may ba formed into the boards by many processes such as 
forming the set down during formation of the sheet using an accumulator roll embossing the set down into the green* 
sheet or machining the set down out of the surface of tha balding sheet These and other methods have been 
described atjova with rasped to forming the grooves. 

In another embodiment, accurate sizing of the board may further be assisted by providing edge markers on 
the surface of the hoard adjacent the grooves. These edge markers are preferably formed into the face of tha sheet 
near the edges to indicate increpntal djstarjcej cyr measurements. Furthermore* where tha Jtoarihas edge set down 
areas as described above, those edge markers may be provided in the set down areas. RGURE 12 illustrates several 
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enotedsnsnts formajker shapes, h itusUated, the 6dg»asrkar patt3T] can bs an teprfnt or formed groove or Went 

in tiestepa of a round orovaJdota short' fini broken lin* intersection set of short te, ctrdet samicirtfc tnangfc 

square, rectsnsk polygoa combtr^ons thereof, or ote shapes, characters or Wicia. Edga markars may also be 

anted numbers to indf cats attain mcramants. 

Edge maiftef s preferably designate a particular fecfement ordistama usually s mdtfcfe of tha smallest 

focremsnt, Ua snsflestincremERt prefer^Jly bslng the ifistance larween atgacent QroomL Themark* ispreferably 

fed totew tha fuB shape f crmed into tha surface of tha hoard such that tha suifaca of the marker shape is st^fatfy 

lower than the surrounding sheotsurfaca. Grooves ^described above may axtahd ail tha way across the sfeat to tha 

edges ^Hrc^h thaiiarftBrs, ormay at^j short of the adgasoAers. 

wa preferred emboriment RGURE Iterates a teckeiboard 10 having edga markers mdemsd into tte top 

surface 22. Idge markers 54a and 54b as shownarapnmifed at ganHally 6 # tncfemaits for tte 3' 1 5 1 backboard, 

aiitoughitwfrteappre^ Themarkefsara 

preferably straight lines extending inward from tte edges of tha board, the markers ere preferably indented below 

surfaee 22, mora preferably 0.04* deep for a V board FIGURE 4 also illustrates that different edge markers may be 

used around the board. Thus, as iistrated, longer One markers 54a are provided at a V spacing around the board, 
* 

while shorter &» makers 54b are provided between tha markers 54a at a 6* spacmg; Hear the comers of tha boards 
markers 54c are pmvfoed to designate tha minimum distance to the corners for Rafcig, which is typical about 2 
inches, ft wiO te appraciatfld that this marker steps and arrangement ispurely exemplary, and this other makers h 
different emaigemeitts may be used to Nicatemeasaromanttimts on the hoard. 

JJna p^trojJar advantage of the Indentatioiss diacrM atevg, iraMng the grooves, [ocators, nap batents, 
edge majker indents, sat down areas, etc. is that these indentations provide a mechanical keying effect and increased 
surface area for bonding with as overfpg materia, such as manic tOa. The : indentations are thus capable of 
mceiviig adhestvo therein Tha greater contact area of tha adhesive end tte (pwes' ami other rnientauoos , shape in 
the sarf aa provides increased thinset/backer connection strength against tensile and shear forces. 

Moreover, because in several em&odrmentstte building sheet is used as an underlay layer, tte grooves do not 
effect the utility of (he material This is significant because for many applications, grooves cannot be made in the face 
because the face must remain flat to obtain a smooth finished surface for pairing typical of most interior wall finishes 
and/or other reasons, m ana embodiment the backerboards described herein need not have flet faces because these 
faces are used to adhere other materials. Moreover, even when a building sheet with a completely flat surface is 
dasired, tha principles taught herein may be used to indent grooves and/or other indentations on tha other side of the 
sheet 

Generally, tha abovwjescri&ed embodiments provide for quick end easy installation of a building sheet 
material by providing incremental visual reference for measuring the desired sheat-cutting pattern, then marking end 
cutting out the building sheet U3ing an totalled pattern or score guide in tte surfaca of the tot as a guide, Tte 
score guide makes the installation quicker end easier because fewer if any measured markings need to he made on tte 
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sheet An flidsnt pattern in ttia face of a sheet can to used as 3 prda for a score knife without requiring d straight 
edfce lo guide the cut or as a pda for aperjcO or merker to mark the layout of lite cut. without requiring a straight 
edge to mark the cut layout An indent pattern may also be provided to indicate appropriate Ra3oig locations and 
desired cutting locations. The process involves forming an indented pattern eito the surface of the material that 
.provides a guide for cutting the sheats to size for mstailatlorK Tha pattern may be formed off a molded pattern or 
press or embossed ^ feseretrt or madt&tatf Into the $i^f asg ol iilser cement sheet to produce a patten el small 
$&3igtopi^|hatprDv^^^ Application 
of this invention is partiajlam/ advantageous to, hit not limited t* the installation of cement-based beiidijtg sheets, 
such as csniem-hased tifa backer board. 

6ffleralpr3ctia during iwtaM^ 
bnck pattern layout The nitauti b e sheet are roost commonly parallel or perpendicular to the sheet edges of the 
sheet The pattern of grooves in the face of the sheet are parallel and perpatfcute with the sheet edges. 
Considerable ; tima and effort is therefore savad In not having to mark out two measurements for parallel nor require 3 
strait edge to join the marks to form a fee of cut Furthermore a strap edge or Plasterer's f* square daro of 
sufficient stiffness to guide the knife is not reqi&ed because the grooves gusto the tip of the taHe. Since no straight 
edga tool is re#e to guide or mark most of the cuts, fewer tootrare needed to be located or moved around as part of 
the installation procedure, therefore speeding up the installation time and improving ths ease of installation. 

The embodiments tetratsd and described above are provided merely as examples of certain preferred 
embodhents of the present fovemton. Various changes ^ andmod^calions can be made from the embodfcents presetted 
bsrcin by those AW-frlta^ and scope of the mventfort as defined by tha apjsndad 

claims. 
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WHATISCIAIMEDIS: 

1. A buOding sheet comprising: 

a substantially Hat M Mg a front surface and a back surface and a tiitknm defined 
therebetween? and- 

at least ona surface groove formed into one of said front surface and back surface said groove 
defining a line of cutting adapted to g uide a knifepoint; pens9 or marker across at least a portion of the 
board. 

2. Tfia buSding shE8t of Claim V further comprising at least one guide pattern for placement of a 
fastener. . 

1 Tha buMng sheet of Claim il wherein the at least one piife pattern is Indented into one of said 
- front serf aca and tack airfare. 

4. The byit#rg S rt88t of Claim t, wtoain tha board has a tJMnass of about U of an incli. 

5. TObMing sheet of Claim J, wherein tha at least ona surface groove has a depth of batmen 
. atfflut QiJOl mete and H ttiMhkknsss of tlm btJartJ, 

8. Tha bidding sheet of Claim 4, wherein tha at feast ona surf eta groove has s depth of between 
about (102 and GJ38 inches. 

7. The buEing sheet of Clap 1, wherein tha at least one groove is formed in a straight Ona across 
the board. 

8. Tha building sheet of Claim 1, wherein tha at least one groove comprises a first fboafty of para&l 
grooves. * 

9. Tha baMing shear of Claim 8, wheifein each of the pturaity of parallel grooves Is sat apart by a 
standard measoreniant unit. * - 

10. The buildup sheet of Claim 9, wherein tha standard msasurejtientunh is beb^ 1/32* and 12*. 

11. Tha balding sheet of Cto 8, wharem tha standard measurement unit is 3*. 

1 2. Tha building sheet of Claim 9, therein the standard measurement unit is 1 inch. 

1 3. Tha building sheet of Clasn 8, further con$ rising e second plurality of parallel p/ocvas arranged at 
an angle to the first plurality of parallel grooves. 

14. The building sheet of Claim 13, wharein the angle is a right angle. 

1 5. Tha bmfdmg sheet of Claim 1, wherein ihe at least ona surface groove has a shape selected from 
the groove consisting of V-shaped, rectangular, curved, trapezoidal and rrraltisided. 

1 8. The building sheet of Claim 1, wherein the at least ona surface groove includes at least ona groove 
havmg a first visual appearance a*nd at feast one groove having a second visual appearance. 

17. Tha building sheet of Claim 10, wherein the at feast one g/ooye having a fust visual appearance 
focfodas a plu rality of parallel grooves eitendingjtf Jeast jartiaBy across tha board, having a first shapeund the at 
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least one greova having 8 second visual appeararca iscfudw a plurality of parallel groom exteniBng at least partially 
across tha tioarrf, having a second shape. 

18. The buSding sheet of Claim 17, whereii the jtaiity of paraOel grooves having a first shapa and 
the pluraSty of pa*] pemhaviog a second shape are parallel to ona another. 

19. Tha toifmg sheet of Claim 13, wherein tha pforaity of parallel grooves having a first shape amset 
apart by a standard measurement unit. 

29, Tha htaiding sheet of Claim 19, wherein tte plurality of paraflel grooves bavi^ a second shape are 
arranged between the plurality of parallel paves having a first shapa and are set apart by a standard jneasarsmsflt 

21. The bu»g shast of Clalrt 20, wherein tfia pJuraffty of parallel groom having a test shapa are sat 
apart by V, and tie plurality of paisDef grooves tenring a second shapa are set apart'by 3", 

22. Tits buttg sheet of Claim 18, wherein the at least one groove-having a first visual appearance 
and the artet one groove laving a second visual appearance are both V-shaped 

23. The buMng sheet of Claim 22, whereto the at laast one greova having a frrstvisual appearance is 
wider than the at least one groove having a second visual appearance. 

24. Abiild&igsfteet,CBmpri^ng: 

a stterfeOy flat board havfeg a top edge, a bottom edge and apposing side edges, and opposing 
faces defined between tha edges of tha oaariand 

a surface gnd system on at least ona of tha opposing faces, the surf ace gift system inct#g a 
{tatty, of cutting grooves yeffledinto tha face of tha board that extend subtaritraBy across the face of 
Jha board in straight lines, wherein tha grooves are capable of receiving a score mark f or cutting and breaks 
the board. ~ * 

25. The building sheet of Claim 24, wherein the grooves are arranged parallel and perpendicular to tha 
edges of the board. 

2a The building sheet of Claim 24, wherein the grooves are arranged parallel and perpendicular to arte 

another. 

21 The building sheat. ol Claim 28, further comprising a plurafity of locators provided at intersections 
of tha parallel and perpendicular grooves, and *beran the grooves are anally spaced apart. 

28. The building sheet of Claim 27, wherein the plurality of locators are provided at regularly repeating 
increment across tha board, the increment being a multiple of the spacing of the grooves. 

29. The building sheet of Claim 28, wherein the grooves are spaced V apart 

30. Tha building sheet'of Claim 29, wharem the locators are spaced 1 inch apart. 

31. Tha building sheet of Claim 27, wherein the locator is circular. 

32. . _TtebuJ1dJng sheet of Claim 2Lwherejn tha locator jsiliamondibaped^ 

33. Tha building shsat of Claim 24, wherein tha grooves extend substantially to the edges ofthB board. 
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34. The buMng sheet of Claim 24, wherein tha groom stop short of st (east ena edge of tha board. 

35. Th3 building sheet of Claim - 24> M the board having surface grooves Wanted mto tha face 
thereof has a strength that is not lass than about 85% of tha strength of a boani having tha same sizo and tension 
but without tlie groovBs. 

35. Hjb Ming sheet of Claim 24, wherefn tha paves ara indented into tha board to a depth such 
that a irB^oirtt atig across a groove at ao ar$a to tha groove doe? not substantially track into thagrooya, and 
such that a knifepoint scoring tha board between grooves to form a score mark causes breakage of the board 
suhrtanWy along the scora mark and not along any of tha groom 
. 37* m sheet of Cfaim > 24> wherein tha board fo backerbosrd. 

31 ' Tha building sheet of Claim 37, wherein the hackerboard is made of fiber cement 
. 39. The buSding sheet of Clak 24, further comprising edge mates provided on tha faca of tha .board 
adjacent tha surface grid system to M km iDoreni^taf distance? between grocrvss. 

40. The bulding sheet of Claim 39, wherein the edge mates are Wanted into the surface of the 

beard. 

41. TWbuMng sheet of Claim 24, further comprising a plurality of fastener guMes provided on the 
face, of the board containing tha surf ace grid system. 

42. Tha ba3ds^ sheet of Claim 41, wherein tha fastens- guides are set apart by a standard 
measurement us'L 

43. Tha building sheet of Claim 42, wheran the fastener guides intersect attest one groove of tha 
surface grid system. 

44. The building sheet of Claen 4t, wherein tha fastener guides am indented into tha surface of the 
board. ~ 

.45. The buMng sheet of Claim 44, wherein the fastener guides at a indented to a depth that is greats? 
than the depth of tha grooves: 

-46. Tha building sheet of Claim 44, wherein tha fastener guides era indented to e depth that is larger 
than the head of nail to be inserted in tha fastener golds. 

47, ThB buiMing sheet of Clabn 24, wharain tha substaMiafy flat board has a sat down area at at least 
one of tha edges, wherein the surface of the set down area is below the surface of the face. 

48> A building sheet, comprising: 

a substantially flat board having a front surface and a back surface end a top edge, bottom edge 

and opposing side edges, the board having a thickness defined between tha front surface end beck surface; 

and 

at least one pre-f crmed set down area indented into one of said front surface and back surface, tha 
at least onesat down area adapted jo receive a /astern therm 
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49. Ttobuiding shest of ftik 4$, wherein tha at tot cd9 set down area has a da;* between about 
0.005 inches and 8 W thickness. 

50. Tha tiding shaat of Claim 48, wherein tha at feast ona sal down area has a depth of about 0.04'. 

51. Tha balding sheet of Claim 48, wherein tha st least 'ono sot down ares comprises a plurality of 
f aslenar guides arranged in a regularly repeating pattern across tha surf ace of tha board. 

51 The building shaat of CJasn 51, wherein each of the plurality of fastener guides is formed in the 
shajsa of a csxIb- 

53. ItoMdhff steel of Cto 48, where© the at tot ona set down area comprises an edge set 
down area. 

54. Tha banding sheet of Cfe 51 wherein the edga set down area is mi to receiva a reinforcing 
tape therein. e 

55. . A building sfteet construction arniprisfrtg: 

a foundation layer having a front surface and a bade surface; 

a substantially flat board having a front surface and a back surface overlying said foandatfon byer, 
tha back surface of ths board overlying the front surface of the foundation layer, the front surface of the 
board having at least m indentation into the surface thereof; and 

at laast one fastener baring a head e^erfmg through ths board Into the foundation layer, wherein 
tha fastener extends through an indentation such that the head of the fastener Ses at or below tha front 
surface of the beari 

51 The bwldhtfi short construction of Ctasn55r wherein tha fosndatiOR layer is plywoei 

57. Ths building sheet construction of Claim 55, further comprising an adhesive joining tha front 
surface of tha foundation layer with tha back surfaceof the board. 

58. The building sheet construction of Claim 55, wherein the at least one intfentata extends to an 
edge of the board. 

59. The building sheet construction of Claim 5 B, further comprising a tape extending over the head of 
tha at least one fastener. 

60. The buying shaat conjunction of Claim 55, wherein the at least one indentation includes a 
plurality of Mentations arranged in a regularly repeating pattern across tte surface of the board, 

61. A buikfing sheet, comprising: 

a substantially fiat board having opposing surfaces; and 
a plurality of indentations provided into at laast one of said opposing surfaces; 
wherein the board has a bending strength of at least about 80% of tha bending strength of tha 
same board without tha plurality of indentations. 

82. Tha buiJdins sheet of Cfeim 91, fyheretn tha board has a bending Jtrength of st feast otiout 90% of 
the banding strength of the sarra board without tha plurality of Indentations. 
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83. Tha IwBdmrj sheet of Clsm 61, whsran tha hard has 3 landing strength of at bait abctit 85% of 
tha biding strength of tha same board wrthotit tfm.pSuraijlv of indentations* 

64. The hiding shset of Claim 6 1, wherein at least soma of the plurality of indentations b adapted to 
mcalvsanadhaslva. 

65, Tha buMng shBSl of Claim 61, wherein said plurality of indentations includes surface cutting 



86. Tha Mdinn, stoat of Claim 81, wherein said pforafity of indentations inefcdas fastener indent 

areas, 

87. The feyifdins sfieat &f Claim 81, whssn said pfursSty of mEf2ntat"ori3 include ffifea rar1(8f$. 

10 68. His boiling sheat of Claim 61, wtran said plurality of yematoindudas Bdga set down areas. 

89. - A method of orttins a M&iw sheet comprising: 

scoring the hiUm ^eet at a desired location on a surface of tha sheet ft sheet having at feast 
one guide groove formed into tha sheet tha scorfcg of tha sheet forming a score mark in tha surface and 



15 70, Tha method of Claim 89, wherein tha sheet is scared using-a knifepoint 

71. Tha method of Claon 89, wherein tha sheet is scored mft that tha score mark lies within and 
substantially along a guide groove. 

71 Tha method of Claim 69, wherein Ha sheet is scored such that the score mark ties substantially 



20 * 73, Tha irathed of Claim 71 wheram the scora mark cuts across at least one mirdo groove 
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